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DEPARTMENT  OF  DEFENSE 
Department  of  the  Navy 

Record  of  Decision  for  Outfall  Replacement  for  Wastewater 
Treatment  Plant  at  Fort  Kamehameha,  Navy  Public  Works 
Center,  Pearl  Harbor,  Hawaii 

AGENCY:  Department  of  the  Navy,  DoD. 

ACTION:  Notice  of  Record  of  Decision. 

SUMMARY:  The  Department  of  the  Navy,  after  weighing  the 

operational,  environmental,  and  cost  implications  of 
alternatives  to  the  existing  outfall  for  the  Wastewater 
Treatment  Plant  (WWTP)  at  Fort  Kamehameha,  Pearl  Harbor, 
Hawaii,  announces  its  decision  to  construct  a  deep  ocean 
outfall  replacement  that  will  discharge  effluent  into  the 
open  coastal  waters  of  Mamala  Bay  to  the  south  of  the  island 
of  Oahu. 

FOR  FURTHER  INFORMATION  CONTACT:  Mr.  Melvin  Kaku,  Pacific 
Division  Naval  Facilities  Engineering  Command  (PLN23) ,  258 
Makalapa  Drive,  Suite  100,  Pearl  Harbor,  HI  96860-3134, 
telephone  (808)  471-9338,  facsimile  (808)  474-5909. 

SUPPLEMENTAL  INFORMATION:  The  Record  of  Decision  (ROD)  in 
its  entirety  is  provided  as  follows: 

Pursuant  to  Section  102(2) (c)  of  the  National 
Environmental  Policy  Act  (NEPA)  of  1969,  42  U.S.C.  Section 
4332(2) (c),  and  the  regulations  of  the  Council  on 
Environmental  Quality  that  implement  NEPA  procedures,  40  CFR 
Parts  1500-1508,  the  Department  of  the  Navy  (DON)  announces 
its  decision  to  replace  a  physically  deteriorating  effluent 
outfall  that  discharges  wastewater  into  the  entrance  channel 
of  the  Pearl  Harbor  Estuary  with  a  deep  ocean  outfall  into 
the  open  coastal  waters  of  Mamala  Bay  where  the- effluent 
loading  is  less  likely  to  adversely  impact  the  environment. 

The  existing  outfall  has  been  operating  under  an 
administrative  extension  to  a  National  Pollutant  Discharge 
Elimination  System  (NPDES)  monitoring  permit  that  expired  on 
February  28,  1993.  The  Navy  was  advised  by  U.S. 
Environmental  Protection  Agency  (EPA)  Region  9  on  January 


24,  1997,  that  a  new  NPDES  permit  will  limit  the  discharge 
of  nutrients  and  metals  to  levels  below  those  presently 
permitted.  Replacement  of  the  existing  outfall  will  reduce 
pollutant  loadings  and  water  quality  deterioration  in  the 
Pearl  Harbor  Estuary,  and  enable  DON  to  be  in  compliance. 

As  described  in  the  Final  Environmental  Impact  Statement 
(FEIS) ,  the  DON  will  construct  and  operate  a  new  deep  ocean 
outfall.  The  new  outfall  will  provide  an  effluent  disposal 
system  that  meets  environmental  and  other  regulatory 
constraints.  All  practicable  means  to  avoid  or  minimize 
environmental  harm  from  the  alternative  selected  have  been 
adopted. 

PROCESS 

On  September  11,  1996,  the  DON  published  in  the  Federal 
Register  (61  FR  47898)  a  Notice  of  Intent  to  prepare  an 
Environmental  Impact  Statement  (EIS) .  On  September  23, 

1996,  an  EIS  Preparation  Notice  was  published  in  The 
Environmental  Notice,  a  semi-monthly  bulletin  of  the  Hawaii 
State  Department  of  Health  (DOH) .  DON  held  two  public 
scoping  meetings  on  October  1  and  October  2,  1996,  in 
Honolulu,  HI  at  Washington  Intermediate  School  and  Makalapa 
Elementary  School,  respectively.  The  EPA  published  a  Notice 
of  Availability  (NOA).  for  the  Draft  EIS  (DEIS)  in  the 
Federal  Register  on  November  21,  1997  (62  FR  62303) .  An 
announcement  was  also  placed  in  the  December  8,  1997,  issue 
of  The  Environmental  Notice.  DON  held  a  public  hearing  to 
receive  comments  on  the  DEIS  at  Radford  High  School, 
Honolulu,  HI,  on  December  17,  1997.  In  addition,  DON 
distributed  the  DEIS  to  124  government  agencies,  groups,  and 
individuals.  DON  considered  all  oral  and  written  comments 
in  preparation  of  the  FEIS.  The  EPA  published  a  NOA  for  the 
FEIS  in  the  Federal  Register  on  May  4,  2001  (66  FR  22551) . 

A  NOA  was  also  published  in  two  local  newspapers  on  May  4, 
May  5,  and  May  6,  2001.  An  announcement  was  also  placed  in 
the  May  8,  2001,  issue  of  The  Environmental  Notice. 

ALTERNATIVES  CONSIDERED 

DON  initially  considered  six  alternative  methods  for 
reducing  the  discharge  of  pollutant  loadings  from  the 
effluent  discharge  into  the  Pearl  Harbor  Estuary.  DON 
developed  conceptual  designs  for  the  six  alternative  methods 
and  conducted  a  preliminary  analysis  based  on  the  following: 
(1)  purpose  and  need  of  the  project;  (2)  30-year  life-cycle 
costs;  and  (3)  feasibility  of  implementation  including 
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construction,  operation,  and  maintenance.  DON  determined 
that  of  the  six  alternative  methods,  only  the  deep  ocean 
outfall  and  the  underground  injection  alternatives  were 
reasonable.  These  two  alternatives  and  the  "no  action" 
alternative  were  carried  forward  for  further  analysis,  with 
the  deep  ocean  outfall  alternative  being  identified  as  the 
preferred  alternative.  The  analysis  of  the  deep  ocean 
outfall  alternative  included  an  evaluation  of  the 
environmental  impacts  of  various  alignments  and  construction 
methods  that  included  trenching,  microtunneling,  and  pile- 
supported  pipe  above  the  ocean  floor. 

Based  upon  this  analysis,  DON  has  chosen  to  construct  a 
deep  ocean  outfall  that  will  discharge  the  wastewater  into 
the  open  coastal  waters  of  Mamala  Bay.  The  "no  action" 
alternative  was  rejected  as  it  would  not  enable  the  Navy  to 
satisfy  reasonably  foreseeable  regulatory  requirements.  The 
underground  injection  alternative  was  ultimately  rejected  in 
favor  of  the  deep  ocean  outfall  alternative  because  of  its 
higher  30-year  life  cycle  cost,  the  fair  to  poor  reliability 
of  the  technology  involved,  and  uncertain  impacts  on 
adjacent  water  bodies.  The  deep  ocean  outfall  alternative 
is  the  environmentally  preferred  alternative. 

ENVIRONMENTAL  IMPACTS 

DON  analyzed  the  direct,  indirect,  and  cumulative 
impacts  of  each  alternative  on  environmental  resources 
involving  land  use  and  airspace;  visual  resources; 
socioeconomics;  cultural  resources;  traffic  and  circulation; 
air  quality;  noise;  biological  resources;  hydrological 
resources;  utilities  and  services;  public  health  and  safety; 
and  hazardous  materials  and  waste.  The  only  significant 
impacts  that  could  result  from  the  construction  of  the  new 
WWTP  outfall  are  discussed  below. 

Aquatic  Environment 

There  is  potential  for  significant  impacts  on  the 
aquatic  environment  from  normal  construction  activities. 

DON  and  its  contractor (s)  will  employ  standard  Best 
Management  Practices  for  construction  in  coastal  waters, 
such  as  daily  inspection  of  equipment  for  conditions  that 
could  cause  spills  or  leaks;  cleaning  of  equipment  prior  to 
deployment  in  the  water;  proper  location  of  storage, 
refueling,  and  servicing  sites;  and  implementation  of 
adequate  spill  response,  storm  weather  preparation  plans. 
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and  the  use  of  silt  curtains  to  minimize  these  potential 
impact . 

There  is  potential  for  impacts  on  the  marine  environment 
from  the  expected  increase  in  turbidity  and  suspended  solids 
in  the  water  during  the  construction  phase.  Turbidity  from 
construction  in  shallow  waters,  which  tend  to  be  relatively 
calm,  will  be  contained  by  the  use  of  silt  curtains.  Strong 
wave  and  current  actions  in  the  deep  water  portions  of  the 
project  area  will  act  to  minimize  increased  turbidity  in 
those  areas.  Water  quality  monitoring  will  be  conducted 
during  the  construction  period  to  ensure  that  water  quality 
standards  are  not  exceeded.  Pursuant  to  Section  401  of  the 
Clean  Water  Act,  DON  will  obtain  and  comply  with  the 
conditions  of  a  Water  Quality  Certification  from  the  DOH. 

The  proposed  action  is  expected  to  meet  the  conditions  of 
the  NPDES  permit  required  by  the  Hawaii  DOH. 

There  is  potential  for  minor  impacts  on  corals  from 
construction  activities  associated  with  the  replacement 
outfall.  Construction  impacts  to  areas  supporting  coral 
growth  have  been  minimized  by  careful  selection  of  the 
preferred  outfall  alignment  and  construction  methodologies. 
The  aggregate  coral  coverage  impacted  by  the  replacement 
outfall  along  its  entire  length  is  expected  to  be  less  than 
one-fifth  of  one  percent  (i.e.,  <  0.2  percent)  of  the  total 
coral  on  the  reef  flat  within  the  construction  area.  The 
corals  that  would  be  affected  are  not  unique  and  are  readily 
found  off  the  southern  shore  of  Oahu  at  similar  depths. 

Protected  Species  and  Habitat 

There  is  potential  danger  from  construction  activities 
to  marine  species  listed  as  endangered  or  threatened  under 
the  Endangered  Species  Act.  Construction  activities  will 
cease  if  listed  marine  species  are  observed  entering  the 
active  project  construction  site,  and  work  will  be  allowed 
to  resume  only  after  the  listed  species  departs  the 
construction  site  on  its  own  volition.  The  Pacific  Islands 
Area  Office  of  National  Marine  Fisheries  Service-  -(NMFS)  will 
be  notified  of  each  such  occurrence.  Both  the  U.S.  Fish  and 
Wildlife  Service  and  NMFS  have  concurred  that  neither  listed 
species  nor  their  habitat  would  be  adversely  impacted  by 
normal  construction  activities  associated  with  the  deep 
ocean  outfall.  In  the  unlikely  event  that  ordnance  material 
is  encountered  that  DON  cannot  safely  remove  or  avoid,  DON 
will,  as  appropriate,  confer  with  NMFS  before  proceeding 
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with  construction  in  the  area  of  the  discovered  ordnance 
material . 

Public  Health  and  Safety 

There  is  potential  for  impacts  on  public  health  and 
safety  from  encountering  ordnance  items  in  the  construction 
corridor.  Approximately  two  hundred  dives  were  performed 
between  November  1999  and  December  2000  along  the  proposed 
construction  corridor  and  along  the  Pearl  Harbor  Entrance 
Channel  (PHEC) .  These  dives  identified  six  projectiles 
within  the  proposed  construction  corridor.  These  six 
projectiles  were  subsequently  removed  safely  without  in¬ 
water  detonation.  Based  on  information  collected  from 
these  dives,  it  is  likely  that  ordnance  can  be  safely 
removed  or  avoided  if  it  is  encountered.  The  construction 
contractor  will  perform  an  independent  survey  for  ordnance 
items  by  visual  and/or  remote  metallic  detection  methods 
prior  to  construction.  All  workers  will  be  informed  of  the 
ordnance  hazards  before  construction  activities  begin. 
Public  access  to  construction  areas  will  be  restricted.  If 
an  ordnance  item  is  encountered  during  construction,  work 
will  stop  in  the  affected  area  pending  DON  clearance. 


RESPONSE  TO  COMMENTS  RECEIVED  REGARDING  THE  FEIS 

EPA  and  a  commercial  entity  provided  comment  letters. 

EPA' s  comments  focused  on  construction  related  impacts  to 
living  coral  and  suitability  of  dredged  material  for  ocean 
disposal. 

EPA  requested  that  DON  include  the  following  mitigation: 
take  "appropriate  and  practicable  steps"  to  minimize  adverse 
impacts  to  corals;  transplant  living  corals  away  from 
project  area;  and  remove  marine  debris  from  the  vicinity  of 
the  PHEC  to  generally  enhance  marine  habitat.  No 
exceptional,  unusual,  or  large  coral  colonies  are  within  the 
project  area  and,  as  discussed  in  the  FEIS,  potential 
impacts  to  the  coral  that  is  present  have  been  minimized  by 
careful  selection  of  the  outfall  alignment  and  construction 
methodology  (e.g.,  microtunneling  and  the  use  of  silt 
curtains) .  Transplanting  the  small  number  of  corals  in  the 
construction  corridor  that  cannot  be  avoided  is  considered 
impracticable.  The  removal  of  marine  debris  from  the 
vicinity  of  the  PHEC  would  eliminate  and  degrade  fish  and 
threatened  green  sea  turtle  (Chelonia  mydas)  habitat  because 
it  is  heavily  utilized  by  these  species. 
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EPA  also  requested  additional  discussions  on  the 
suitability  of  the  dredged  material  for  ocean  disposal. 
Pursuant  to  Section  103  of  the  Marine  Protection  Research 
Sanctuaries  Act,  DON  has  provided  this  information  as  part 
of  the  permitting  process  regulated  by  the  U.S.  Army  Corps 
of  Engineers  (COE)  and  the  EPA.  The  COE  permit  application 
included  data  indicating  that  the  material  proposed  for 
disposal  will  be  substantially  the  same  as  the  existing 
substrate  at  the  EPA  designated  South  Oahu  Ocean  Dredged 
Material  Disposal  Site  and  that  the  proposed  dredged 
material  site  is  located  far  from  known  pollution  sources, 
therefore  providing  reasonable  assurance  that  the  material 
has  not  been  contaminated.  The  COE  permit  will  address 
concerns  regarding  ocean  disposal. 

The  F.O.G.  Corporation  recommended  use  of  its  liquid 
bio-polymer  to  meet  EPA  discharge  requirements  and  avoid 
construction  of  the  outfall.  The  recommended  bio-polymer 
product  does  not  include  removal  of  dissolved  nutrients  and 
therefore  is  not  a  viable  alternative  to  the  proposed 
action. 

CONCLUSION 

In  determining  how  to  dispose  of  wastewater  effluent 
from  the  WWTP  at  Fort  Kamehameha,  I  considered  the 
following:  present  ability  of  the  WWTP  to  comply  with  more 

stringent  anticipated  discharge  wastewater  effluent  limits; 
technical  feasibility;  operational  reliability; 
environmental  impacts;  costs  associated  with  construction, 
operation,  and  maintenance  of  facilities;  and  comments 
received  during  the  DEIS  and  FEIS  public  involvement 
periods. 

After  carefully  weighing  all  of  these  factors  and 
analyzing  the  data  presented  in  the  FEIS,  I  have  determined 
that  the  preferred  alternative,  constructing  a  deep  ocean 
outfall  to  replace  the  existing  outfall,  best  meets  the 
requirements  for  the  disposal  of  wastewater  effluent  from 
the  WWTP  at  Fort  Kamehameha.  Therefore,  on  behalf  of  the 
DON,  I  have  decided  to  implement  the  proposed  action  by 
constructing  a  deep  ocean  replacement  outfall  and  to  retain 
the  existing  outfall  for  emergency  bypass  purposes.  In 
addition  to  the  specific  mitigation  measures  identified  in 
this  ROD,  the  DON  will  continue  to  review  its  operational 
procedures  and  coordinate  with  other  federal,  state,  and 
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local  entities  as  necessary  to  determine  if  any  additional 
mitigation  measures  are  feasible  and  practicable. 

Date  Duncan  Holaday 

Deputy  Assistant  Secretary 
of  the  Navy 

(Installations  and  Facilities) 
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Final  Environmental  Impact  Statement 
Outfall  Replacement  for  Wastewater  Treatment  Plant 
at  Fort  Kamehameha^  Navy  Public  Works  Center, 

Pearl  Harbor,  Hawaii 

Lead  Agency:  Navy  Public  Works  Center,  Pearl  Harbor,  Hawaii 

Coordinating  Agency:  Pacific  Division,  Naval  Facilities  Engineering  Command 

Pearl  Harbor,  Hawaii 

Contact:  Gary  Kasaoka  (PLN23 1 G K) 

Pacific  Division,  Naval  Facilities  Engineering  Command 
258  Makalapa  Drive,  Suite  100 
Pearl  Harbor,  Hawaii  96860-3134 
Telephone  (808)  471-9338;  Fax  (808)  474-5909 

Abstract: 

This  environmental  impact  statement  (EIS)  evaluates  replacement  of  the  existing  outfall  from  the 
Wastewater  Treatment  Plant  (WWTP)  at  Fort  Kamehameha.  The  proposed  action  is  to  construct 
a  new  effluent  outfall  into  the  Open  Coastal  Waters  offshore  of  Fort  Kamehameha. 

Presently,  the  effluent  outfall  for  the  WWTP  at  Fort  Kamehameha  discharges  into  the  Pearl  Harbor 
Estuary.  This  area  is  classified  as  a  Water  Quality  Limited  Segment  (WQLS)  by  the  State  of  Hawaii 
Department  of  Health.  Under  this  classification,  discharge  of  municipal  and  industrial  wastewater 
effluents  to  the  estuary  is  limited.  Relocation  of  the  effluent  discharge  to  Open  Coastal  Waters  will 
eliminate  effluent  discharge  to  the  WQLS  of  the  Pearl  Harbor  Estuary  and  the  associated  future 
permit  limitations  and  violations. 

The  proposed  action  is  to  construct  a  3.9-kilometer  (2.4-mile)-long,  107-centimeter  (42-inch)- 
diameter  outfall,  terminating  in  a  200-meter  (656-foot)-long  diffuser  at  a  depth  of  46  meters  (1 50 
feet).  The  preliminary  alternatives  to  the  proposed  action,  which  are  considered  in  this  EIS,  include 
underground  injection,  no  action,  treatment  plant  upgrade,  infiltration  and  evaporation,  and 
effluent  reuse.  A  preliminary  saeening  identified  underground  injection  as  the  only  feasible 
alternative  to  the  proposed  action. 

Based  on  a  detailed  analysis  of  the  environmental  impacts  of  the  proposed  action  and  the 
underground  injection  and  no-action  alternatives,  the  proposed  action  with  mitigation  as  stipulated 
was  found  to  be  the  environmentally  preferred  alternative.  There  are  no  identified  unmitigable, 
significant  environmental  impacts  expected  as  a  result  of  implementing  the  proposed  action.  The 
proposed  action  is  consistent  with  applicable  state  and  federal  water  quality  and  air  quality 
standards. 


^Printed  on  ro^ded  paper 
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Summary  of  Findings 

The  proposed  action  is  to  construct  a  deep  ocean  effluent  outfall  for  the  Wastewater  Treatment 
Plant  (WWTP)  at  Fort  Kamehameha.  The  proposed  outfall  will  discharge  into  the  Open  Coastal 
Waters  of  Mamala  Bay  outside  of  the  Pearl  Harbor  Entrance  Channel.  Alternatives  to  the  proposed 
action  taken  into  consideration  include  underground  injection,  no  action,  treatment  plant  upgrade, 
infiltration  and  evaporation,  and  effluent  reuse.  The  no-action  alternative  consists  of  continued  use 
of  the  existing  outfall,  which  discharges  into  the  Pearl  Harbor  Estuary.  Future  regulatory  conflicts 
that  include  potential  noncompliance  with  increasingly  stringent  discharge  limitations  in  the 
estuary  are  associated  with  this  alternative. 

There  are  no  identified,  unmitigable,  significant  impacts  associated  with  the  proposed  action. 
Mitigation  has  been  incorporated  into  design  features  (including  outfall  alignment,  depth,  and 
length  of  diffuser)  and  implemented  through  procedural  actions  (such  as  construction 
specifications,  silt  containment,  and  navigational  warnings).  The  proposed  action  with  mitigation 
as  stipulated  is  the  environmentally  preferred  alternative. 

Methodology 

Alternatives  to  the  proposed  action  that  would  remove  the  effluent  discharge  from  the  Pearl 
Harbor  Estuary  were  considered.  Conceptual  designs  and  cost  estimates  for  the  alternatives,  which 
included  underground  injection,  no  action,  treatment  plant  upgrade,  infiltration  and  evaporation, 
and  effluent  reuse,  were  developed.  All  alternatives,  except  the  no-action  alternative,  were 
configured  to  be  similar  in  capacity  to  the  existing  outfall  and  to  meet  applicable  regulatory 
requirements.  The  relative  costs  of  the  proposed  action  and  alternatives  differ  significantly.  The 
replacement  ocean  outfall  has  an  anticipated  life-cycle  cost  of  approximately  $21.6  million; 
underground  injection  has  a  corresponding  life-cycle  cost  of  approximately  $35  million;  the  no¬ 
action  alternative  is  least  expensive,  with  a  30-year  life-cycle  cost  of  approximately  $1 .5  million; 
WWTP  upgrade  has  estimated  life-cycle  costs  ranging  from  $70  million  to  $144  million; 
infiltration  and  evaporation  methods  have  land  acquisition  costs  ranging  from  $160  million  to 
$4.5  billion;  and  reuse  has  an  estimated  net  life-cycle  cost  of  $117  million,  based  on  the 
assumption  that  the  wastewater  effluent  would  be  sold  at  the  current  rate  for  nonpotable  water. 

As  the  conceptual  designs  and  cost  estimates  for  the  alternatives  were  being  produced,  various 
outfall  alignment  options  and  two  diffuser  options  were  studied  in  order  to  develop  and  refine  the 
proposed  action.  The  development  of  the  proposed  action  was  an  iterative  process  in  which  the 
alignment  and  construction  methods  were  analyzed  and  modified  numerous  times  to  minimize 
environmental  impacts  and  reduce  construction  risks. 

A  preliminary  evaluation,  or  saeening,  of  the  proposed  action  and  alternatives  was  performed. 
The  capacity  for  each  alternative  to  satisfy  the  purpose  of  and  need  for  the  project  and  the 
potential  environmental  effects  of  each  alternative  were  evaluated.  Those  alternatives  that  passed 
the  saeening  (i.e.,  met  the  purpose  and  need,  were  feasible  to  implement,  and  had  acceptable 
potential  environmental  effects)  were  determined  to  be  feasible  alternatives  and  carried  forward 
for  a  more  detailed  environmental  impacts  analysis.  Those  that  did  not  pass  the  saeening  were 
eliminated  from  further  evaluation  with  the  exception  of  no  action,  which  must  be  analyzed  in 
accordance  with  40  Code  of  Federal  Regulations  1502.14(d)  and  1502.16(d).  Based  on  the 
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saeening  of  the  proposed  action  and  alternatives  considered,  the  treatment  plant  upgrade, 
infiltration  and  evaporation,  and  effluent  reuse  alternatives  were  eliminated  from  further  analysis 
because  they  did  not  meet  the  purpose  of  and  need  for  the  project  and/or  were  infeasible  to 
implement.  Thus,  a  more  detailed  environmental  analysis  of  the  proposed  action,  underground 
injection,  and  no-action  alternatives  was  performed  for  comparison  and  to  refine  necessary 
mitigation. 

Significant  issues  and  potentially  significant  impacts  identified  during  scoping  were  examined  in 
detail.  These  include:  effects  on  the  aquaticenvironment  (including  water  quality),  socioeconomic 
impacts,  protected  species,  cultural  resources,  public  health  and  safety,  navigation,  and  water  as 
a  resource.  Numerous  other  issues  were  eliminated  from  detailed  evaluation  since  they  were  not 
potentially  significant  or  applicable.  The  rationale  for  determining  that  each  of  these  issues  is 
nonsignificant  is  briefly  presented.  Feasible  alternatives  were  evaluated  to  determine  the  effect 
each  would  have  with  regard  to  the  significant  issues.  Selected  impact  parameters  were  then 
identified  and  evaluated  according  to  significance  factors  to  compare  the  magnitude  and 
significance  of  impacts  resulting  from  each  feasible  alternative. 

Impacts  Analysis 

Aquatic  Environment 

Effects  on  the  aquatic  environment  vary  among  the  alternatives.  Detrimental  but  nonsignificant 
effects  were  identified  for  the  proposed  outfall  replacement.  All  known  impacts  of  the  proposed 
action  on  the  marine  environment  were  considered  cumulatively  with  other  discharges  to  Mamala 
Bay.  The  discharged  effluent  is  presently  treated  to  a  secondary  level  and  sand  filtered.  The 
effluent  meets  whole  effluent  toxicity  and  disinfection  requirements.  The  proposed  action  meets 
the  project's  intended  purpose  of  removing  the  discharge  from  nearshore  waters.  Because  the 
treatment  processes  will  not  be  affected  by  construction  or  operation  of  the  proposed  outfall,  the 
proposed  action  will  not  affect  the  present  quality  or  disinfection  of  the  effluent.  Underground 
injection  of  effluent  would  result  in  subsurface  flow  of  effluent  to  the  marine  environment  at 
unknown  concentrations  and  coastal  locations,  potential  ly  impacting  nearshore  water  quality.  The 
no-action  alternative  would  continue  the  nearshore  discharge  and,  if  the  influent  flow  to  the 
WWTP  were  to  inaease  within  the  plant's  present  capacity,  there  would  be  potential  to  adversely 
impact  the  water  quality  of  the  estuary  or  to  exceed  anticipated  discharge  permit  limitations. 

Socioeconomic  Effects 


Although  some  temporary  disruption  of  existing  reaeational,  commercial,  and  personal 
consumptive  uses  of  the  project  area  would  occur  during  construction  of  the  replacement  outfall, 
the  area  would  be  returned  to  usefollowingapproximately  two  years  of  construction.  Because  the 
entire  project  would  take  place  within  controlled  access  military  property  and  within  the  Pearl 
Harbor  Naval  Defensive  Sea  Area,  military  personnel  and  dependents  would  be  most  affected.  The 
effects  of  the  proposed  action  on  socioeconomic  activities  will  not  be  significant.  There  is  potential 
for  the  underground  injection  alternative  to  impact  nearshore  water  quality  in  areas  where 
socioeconomic  activities  occur.  No  action  would  not  affect  existing  socioeconomic  practices. 

Protected  Species 

The  only  federal  ly  protected  species  known  to  inhabit  or  occasional  ly  visit  the  project  area  are  the 
threatened  green  sea  turtle  and  the  endangered  Hawaiian  stilt.  Construction  activities  for  the 
proposed  action  would  not  likely  adversely  affect  these  species.  The  underground  injection  and 


ES-2 


Final  Environmental  Impact  Statement 

Outfall  Replacement  for  WWTP  at  Fort  Kamehameha 


Executive  Summary 
March  2001 


no-action  alternatives  would  avoid  possible  adverse  effects  on  these  animals  from  construction. 
Operations  of  the  proposed  action  or  feasible  alternatives  would  not  adversely  affect  protected 
species. 

Cultural  Resources 


The  replacement  outfall  and  no-action  alternatives  are  not  anticipated  to  affect  cultural  resources. 
The  underground  injection  alternative  has  the  potential  for  adverse  impacts  resulting  from  the 
necessary  excavation  in  locations  known  to  have  a  history  of  human  occupation  and  burials.  The 
significance  of  this  potential  impact  cannot  be  determined  beforehand  because  it  is  not  possible 
to  foresee  the  exact  location  and  extent  of  such  remains. 

Public  Health  and  Safety 

The  potential  danger  of  encountering  ordnance  items  during  construction  of  the  replacement 
outfall  will  be  mitigated  by  preceding  construction  activities  with  a  search  for  ordnance  items,  by 
minor  outfall  realignment,  if  necessary,  to  avoid  disturbance  of  ordnance  items,  and  by 
implementing  safety  protocols.  It  is  unlikely  that  ordnance  items  would  be  encountered  during 
construction  of  the  underground  injection  alternative.  No  construction  activities  are  proposed  for 
the  no-action  alternative.  Routine  construction  safety  issues  are  associated  with  the  proposed 
action  and  underground  injection  alternatives;  all  of  these  can  be  mitigated  by  implementation  of 
standard  construction  safety  measures. 

Because  of  the  degree  of  treatment  and  disinfection  provided  at  the  WWTP  at  Fort  Kamehameha, 
potential  harm  to  public  health  from  exposure  to  effluent  is  not  significant  for  any  of  the  feasible 
alternatives. 

Navigation 

Construction  barges  for  the  proposed  action  will  obstruct  approximately  one  third  of  the  width  of 
the  Pearl  Harbor  Entrance  Channel  for  a  period  of  up  to  eight  months.  This  will  only  interfere  with 
passage  of  aircraft  carriers  into  the  harbor,  which  occurs  about  two  times  per  year.  Mitigation 
would  require  the  removal  of  construction  equipment  to  allow  passage  of  these  vessels  into  Pearl 
Harbor.  Potential  interference  with  navigation  of  other  vessels  will  be  mitigated  by  coordinating 
with  the  Coast  Guard  and  Naval  Station  Port  Operations,  publishing  Notices  to  Mariners 
(NOTMAR),  and  placing  proper  warning  and  anchor  lighting  at  the  construction  barge  anchor 
locations.  The  elevated  section  of  the  proposed  replacement  outfall  and  the  existing  outfall  pipe 
could  potentially  be  damaged  by  emergency  anchoring  of  a  vessel.  However,  the  degree  of  risk 
associated  with  such  an  incident  is  deemed  to  be  nonsignificant.  The  underground  injection 
alternative  will  not  impact  sea  navigation,  because  both  construction  and  operational  activities  of 
underground  injection  wells  are  on  land.  No  construction  activities  will  occur  as  a  result  of  no 
action;  therefore,  this  alternative  will  have  no  impacts  on  sea  navigation. 

Air  navigation  is  not  significantly  affected  by  any  alternative.  Although  an  approach  from  the 
southwest  to  Honolulu  International  Airport  and/or  Hickam  Air  Force  Base  occurs  over  the  project 
site,  the  height  of  construction  equipment  for  the  proposed  action  and  underground  injection 
alternative  would  be  below  an  altitude  that  would  pose  an  obstruction  hazard  to  airaaft.  As  a 
routine  procedure,  the  Navy  will  obtain  a  Notice  of  Proposed  Construction  permit  from  the 
Federal  Aviation  Administration  (FAA)  prior  to  commencement  of  any  construction  potentially 
affecting  navigable  air  space.  The  FAA  will  distribute  a  Notice  to  Airmen  (NOTAM)  warning  to 
aircraft. 
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Water  as  a  Resource 


Water  resources  will  not  be  significantly  impacted  by  the  proposed  action  or  by  the  underground 
injection  or  no-action  alternatives. 

Summary  of  the  Preferred  Alternative  and  Associated  Mitigation^  Significant 
Impacts  that  Cannot  Be  Mitigated^  and  Unresolved  Issues 

In  consideration  of  the  above  factors,  the  preferred  alternative  is  to  construct  a  deep  ocean  outfall 
3.9  kilometers  (2.4  miles)  long,  terminating  in  a  200-meter  (m)  (656-foot  [ft])-long  diffuser  at  a 
depth  of  46  m  (150  ft).  The  outfall  pipe,  approximately  107  centimeters  (42  inches)  in  diameter, 
is  to  be  buried  in  the  shallow  reef  flat  and  in  the  Pearl  Harbor  Entrance  Channel.  The  diffuser, 
placed  horizontally  on  a  sloping,  sandy  bench,  will  be  supported  on  piles.  The  proposed  outfall 
alignment  from  the  treatment  plant  is  south  aaoss  the  reef  flat  to  the  entrance  channel.  From  this 
location  seaward,  the  bottom  of  the  entrance  channel  is  sand  and  coral  rubble.  This  alignment 
avoids  an  area  of  deep,  soft  soil  which  is  incapable  of  adequately  supporting  the  outfall  pipe  and 
areas  with  higher  densities  of  living  coral.  The  outfall  follows  the  east  wall  of  the  Pearl  Harbor 
Entrance  Channel  to  a  submerged  shelf  in  the  offshore  slope  at  a  depth  of  46  m  (1 50  ft). 

No  unmitigable  significant  impacts  will  result  from  implementation  of  the  preferred  alternative. 
The  only  unresolved  issue  is  the  size  and  configuration  of  the  zone  of  mixing  (ZOM),  which  will 
be  assigned  during  National  Pollutant  Discharge  Elimination  System  permitting  to  be  undertaken 
prior  to  operation  of  the  outfall.  The  permit  application,  pursuant  to  Hawaii  Administrative  Rules, 
Chapter  1 1-54-09,  will  request  a  ZOM  approximately  910  m  (2,980  ft)  by  750  m  (2,460  ft).  These 
estimated  dimensions  have  been  determined  by  the  application  of  approved  dilution  modeling 
methods.  Mitigation  measures,  other  than  those  integrated  into  the  outfall  design,  include  standard 
construction  measures  for  traffic  and  workplace  safety,  NOTMAR  and  NOTAM  publications, 
proper  marking  and  lighting  of  navigational  hazards,  silt  containment  measures  during 
construction,  coordination  with  Naval  Station  Port  Operations  to  avoid  constraining  large  vessel 
access  to  the  channel,  and  restoration  of  the  work  site  and  benthic  environment  to  approximately 
original  contours  following  construction. 

Compliance  with  Applicable  Policies  and  Regulations 

The  preferred  alternative  minimizes  impacts  on  living  coral,  does  not  have  disproportionately  high 
or  adverse  impacts  on  minority,  low-income  or  disadvantaged  populations,  and  complies  with 
other  applicable  policies  and  regulations.  The  project  is  in  an  air  quality  attainment  region  and  is 
in  conformance  with  federal  and  state  air  quality  standards. 

Construction  of  the  replacement  outfall  would  require  a  Department  of  the  Army  permit  under 
Section  404  of  the  Clean  Water  Act  and  Section  1 0  of  the  Rivers  and  Harbors  Act.  Water  Quality 
Certification  under  Section  401  of  the  Clean  Water  Act  and  approval  to  discharge  a  regulated 
pollutant  under  Section  402  of  the  Clean  Water  Act  (National  Pollutant  Discharge  Elimination 
System)  are  required  from  the  State  of  Hawaii  Department  of  Health.  The  proposed  action  is 
expected  to  meet  the  requisite  qualifications  for  approval,  subject  to  conditions,  under  these 
statutes. 
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1.1  Introduction 

The  Pacific  Division,  Naval  Facilities  Engineering  Command,  on  behalf  of  Navy  Public  Works 
Center,  Pearl  Harbor  (PWC),  has  prepared  this  environmental  impact  statement  (EIS)  for  outfall 
replacement  at  the  Wastewater  Treatment  Plant  (WWTP)  at  Fort  Kamehameha.  This  EIS  is  prepared 
in  accordance  with  the  National  Environmental  Policy  Act  of  1969  and  the  implementing 
regulations  of  the  Council  on  Environmental  Quality  regulations  40  Code  of  Federal 
Regulations  (CFR)  1500  to  1508. 

The  proposed  action  covered  by  this  EIS  is  replacement  of  the  existing  outfall  that  discharges 
treated  wastewater  effluent  from  the  WWTP  at  Fort  Kamehameha  into  the  Pearl  Harbor  Estuary. 
The  proposed  replacement  outfall  will  discharge  effluent  through  a  multiport  diffuser’  into  the 
deeper  waters  of  Mamala  Bay.  Figure  1.1-1  shows  the  existing  WWTP  and  proposed  replacement 
outfall. 

This  chapter  explains  the  purpose  of  and  need  for  the  proposed  federal  action,  provides 
background  information,  and  describes  the  organization  of  this  EIS. 

1 .2  Purpose  of  and  Need  for  Proposed  Action 

The  Hawaii  Department  of  Health  (DOH)  limits  the  discharge  of  additional  pollutants  to  the  Pearl 
Harbor  Estuary.  The  WWTP  has  recently  been  upgraded  to  improve  the  level  of  treatment  and 
provide  additional  capacity.  The  existing  outfall  is  damaged  and  aging  and  requires  repair  or 
replacement.  Accordingtoa  1983  inspection  report,  along  one  section  of  the  outfall  {between  357 
and  375  meters  (m)  (1 ,1 70  and  1,230  feet  [ft])  from  shore},  the  pipe  is  undercut  with  several  lateral 
penetrations  up  to  0.9  m  (3  ft)  deep.  Approximately  363  m  (1,190  ft)  from  shore,  a  small  section 
of  the  conaete  jacket  is  missing.  The  terminal  plug  of  the  outfall  is  also  not  in  place.^  More 
recently,  there  have  been  reports  that  some  existing  diffuser  ports  are  broken.^ 

The  purpose  for  which  this  action  is  proposed  is  to  reduce  pollutant  loadings  from  the  wastewater 
discharge  into  the  Water  Quality  Limited  Segment  (WQLS)  of  the  Pearl  Harbor  Estuary"*  as  shown 
in  Figure  1.2-1  (see  Appendix  1).  The  needs,  which  the  project  satisfies,  are  to  comply  with 
regulatory  limits  that  are  anticipated  to  be  imposed  on  discharges  to  the  WQLS  in  the  future  and 
to  provide  an  effluent  disposal  system  that  satisfies  the  following  feasibility  criteria: 

•  Meets  all  environmental  and  other  regulatory  constraints, 

•  Is  similar  in  capacity  and  operational  reliability  to  the  existing  outfall  system,  and 


’a  diffuser  is  a  section  of  pipe  with  multiple  openings  to  disperse  effluent  into  the  receiving  water  for  enhanced  dilution. 
^Richard  W.  Grigg,  Ph.D.  and  Hans  Krock,  Ph.D.,  P.E.  (March  1983)  Outfall  Inspection  of  Fort  Kamehameha  Wastewater 
Treatment  Plant,  Pearl  Harbor,  Hawaii.  Prepared  for  Pacific  Division,  Naval  Facilities  Engineering  Command,  Pearl  Harbor,  Hawaii. 
^Written  communication  from  Sea  Engineering,  Inc.  (March  12,  1997). 

^Pearl  Harbor  Estuary  is  one  of  14  WQLS  located  in  Hawaii.  WQLS  were  designated  by  the  DOH  in  response  to  Section  303(e) 
of  the  Federal  Water  Pollution  Control  Act  of  1972.  No  new  wastewater  discharges  are  permitted  into  the  Pearl  Harbor  Estuary,  and 
special  water  quality  standards  have  been  established  by  DOH  for  the  estuary. 
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•  Is  economically  competitive  with  other  disposal  options  for  acquisition  under  prevailing 
standards. 

The  existing  National  Pollutant  Discharge  Elimination  System  (NPDES)  permit  for  discharge  of 
effluent  from  the  WWTP  at  Fort  Kamehameha  expired  on  February  28,  1993.  The  WWTP  is 
currently  discharging  under  an  administrative  extension  from  the  DOH,  which  administers  the 
NPDES  program  in  Hawaii  for  the  U.S.  Environmental  Protection  Agency  (USEPA).  Although  the 
permit  renewal  has  not  been  negotiated,  the  USEPA  has  indicated  its  intention  to  limit  the 
discharge  of  nutrients  and  metals  to  the  Pearl  Harbor  Estuary  to  levels  below  those  of  the  existing 
discharge  (see  Appendix  I).  Relocating  the  effluent  discharge  to  the  Open  Coastal  Waters  of 
Mamala  Bay  removes  the  discharge  from  the  Pearl  Harbor  Estuary,  a  WQLS,  where  it  is  anticipated 
that  permit  limitations  will  become  inaeasingly  stringent,  making  it  difficult  to  remain  in 
compliance. 

1.3  Evaluation  of  Proposed  Action  and  Alternatives 

Several  alternatives  to  the  proposed  action  were  considered.  These  alternatives  included 
underground  injection  of  effluent,  no  action  (i.e.,  the  continued  use  of  the  existing  outfall 
indefinitely  into  the  future),  WWTP  upgrade,  infiltration  and  evaporation,  and  effluent  reuse.  A 
preliminary  evaluation,  or  screening,  of  the  proposed  action  and  these  alternatives  was  performed 
based  on  each  alternative's  ability  to  meet  the  purpose  and  need,  including  the  identified 
feasibi  I  ity  aiteria.  Those  that  did  not  "pass"  the  screening  were  eliminated  from  further  evaluation. 
The  proposed  action  and  underground  injection  passed  the  initial  evaluation  and  underwent 
detailed  analysis  to  determine  and  compare  the  extent  of  their  environmental  impacts.  The  no¬ 
action  alternative,  which  does  not  meet  the  purpose  and  need,  was  also  subjected  to  detailed 
environmental  analysis  in  accordance  with  40  CFR  1502.14(d)  and  1502.16  (d).  The  preferred 
alternative  was  determined  based  on  the  results  of  the  detailed  environmental  impacts  analysis  in 
Chapter  4. 

1.4  Summary  of  Preferred  Alternative 

The  preferred  alternative  is  the  proposed  action,  construction  of  a  replacement  outfall  which 
discharges  outside  the  Pearl  Harbor  Estuary  into  the  Open  Coastal  Waters  of  Mamala  Bay.  This 
involves  installation  of  a  3.9-kilometer  (km)  (2.4-mile  [mi])-long,  107-centimeter  (cm)  (42-inch)- 
diameter  outfall  pipe.  The  outfall  will  terminate  with  a  diffuser  approximately  1.0  km  (0.6  mi) 
offshore  from  the  western  end  of  the  Honolulu  International  Airport's  Reef  Runway.  The  outfall 
and  diffuser  will  be  designed  to  release  the  effluent  over  a  given  discharge  length  and  to  dilute  or 
"diffuse"  the  effluent  into  the  marine  waters.  A  portion  of  the  outfall  pipe  will  be  buried  beneath 
the  ocean  floor  to  reduce  the  potential  for  interference  with  coastal  processes  and  activities, 
damage  by  ships'  anchors,  and  natural  disturbances  such  as  hurricanes.  The  existing  outfall  will 
be  left  in  place  for  backup  (emergency)  use. 

The  preferred  alternative  analysis  also  evaluates  the  al  ignment  of  the  proposed  replacement  outfall 
and  the  length  and  depth  of  the  diffuser.  Variations  include  placing  the  diffuser  at  a  water  depth 
of  either  21  m  (70  ft)  or  46  m  (1 50  ft),  varying  its  length,  altering  the  alignment  of  the  outfall  pipe 
from  the  WWTP  to  the  diffuser,  and  altering  outfall  construction  methods.  Figure  1.4-1  shows 
possible  outfall  alignment  and  diffuser  location  options. 
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1.5  Decision  Required 

The  decision  maker  for  this  EIS  is  the  Deputy  Assistant  Secretary  of  the  Navy  (Installations  and 
Facilities).  The  specific  decisions  for  which  this  EIS  has  been  prepared  are  as  follows: 

•  Whether  or  not  to  replace  the  existing  outfall,  and 

•  If  the  existing  outfall  is  to  be  replaced,  which  of  the  alternatives  will  be  used  to  dispose  of  the 
effluent. 

1.6  Background  and  Context 

There  is  a  history  of  concern  over  cumulative  impacts  of  WWTP  discharges  into  Mamala  Bay. 
Numerous  studies  have  been  conducted  in  connection  with  effluent  disposal  into  Mamala  Bay. 
This  EIS  acknowledges  these  studies  and  has  used  them  as  reference  material  in  the  evaluation  of 
impacts  of  the  proposed  action.  This  section  is  designed  to  summarize  the  history  of  wastewater 
disposal  in  Mamala  Bay  and  to  desaibe  these  studies  in  the  context  of  this  EIS. 

1.6.1  Wastewater  Disposal  in  Mamala  Bay 

Three  WWTPs  currently  discharge  treated  effluent  into  Mamala  Bay:  the  Honouliuli  Wastewater 
Treatment  Plant  (HWWTP)  and  the  Sand  Island  Wastewater  Treatment  Plant  (SIWWTP),  both 
owned  and  operated  by  the  City  and  County  of  Honolulu  (City);  and  the  WWTP  at  Fort 
Kamehameha,  owned  and  operated  by  the  U.S.  Navy.  Figure  1 .6-1  illustrates  the  location  of  these 
WWTPs  and  their  associated  outfalls.  Table  1 .6-1  provides  information  on  each  of  these  WWTPs. 

Table  1.6-1 

information  on  WWTPs  Discharging  Into  Mamala  Bay 


1  WWTP 

Date  of  Cohstruction 

Current  Plant  Design 
Flow  in  mVday  (mgd)* 

Average  Depth  of 
Outfall  in  m  (ft) 

Sand  Island  WWTP 

Outfall  -1975 

Phase  1-1976 

Phase  2-1 979 

310,000 

(82) 

70 

(230) 

Honouliuli  WWTP 

Outfall -1979 

Original  plant  - 1984 
Upgrade  capacity  - 1 992 
Upgrade  level  of  treatment 
- 1997 

140,000 

(37) 

62 

(203) 

WWTP 

at  Fort  Kamehameha 

1969 

1996-97 -Upgrade 
capacity  and  level  of 
treatment 

49,000** 

(13) 

14 

(46) 

*  Design  flow  is  defined  as  average  daily  flows  generated  by  population  and  land  use;  mVday  -=  cubic  meter  per 
day;  mgd  =  million  gallons  per  day 

**  Design  flow  based  upon  recently  completed  upgrades  to  the  WWTP  at  Fort  Kamehameha. 
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The  SIWWTP  is  currently  operating  at  approximately  97.5  percent  of  its  capacity.^  Facilities  plans 
have  been  or  are  currently  being  developed  for  the  projected  needs  of  the  East  Mamala  Bay  and 
West  Mamala  Bay  wastewater  systems,  in  which  the  SIWWTP  and  HWWTP,  respectively,  are 
located.  The  East  Mamala  Bay  Wastewater  Facilities  Plan  modeled  the  future  needs  for  additional 
capacity  at  the  SIWWTP,  based  on  population  and  land  use.  The  models  predicted  that  by  the 
year  201 5,  average  daily  flow  would  be  approximately  340,000  mVday  (90  mgd),  exceeding  the 
SIWWTP  design  capacity  of  310,000  mVday  (82  mgd).  The  West  Mamala  Bay  Wastewater 
Facilities  Plan  is  still  being  prepared,  and  no  projected  flows  are  available. 

Average  daily  flow  to  the  WWTP  at  Fort  Kamehameha  in  1 992  was  approximately  27,252  mVday 
(7.2  mgd)  or  about  96  percent  of  the  plant's  capacity  at  that  time.  The  treatment  plant  has  recently 
been  upgraded  to  a  new  design  capacity  of  49,000  mVday  (13  mgd).  The  WWTP  at  Fort 
Kamehameha  is  presently  operating  at  approximately  50  percent  of  the  plant’s  new  design 
capacity.^  Details  of  this  upgrade  are  provided  in  Section  1 .7  of  this  document. 

1.6.2  Related  Documents 

A  number  of  studies  have  been  conducted  regarding  wastewater  disposal  in  Mamala  Bay  and  the 
ocean  disposal  of  dredged  material  at  designated  disposal  sites.  Many  of  these  documents  have 
been  used  as  reference  material  for  this  EIS;  the  major  documents  and  their  contents  are 
summarized  in  this  section. 

Environmental  Assessment  (EA)  for  Expansion  of  WWTP  at  Fort  Kamehameha  -  On  the  basis  of 
the  predicted  inaease  in  average  daily  flow,  the  U.S.  Navy  proposed  expansion  of  the  WWTP  at 
Fort  Kamehameha  to  handle  an  average  daily  flow  of  49,000  mVday  (13  mgd).  An  EA  was 
prepared  to  study  the  potential  impacts  of  this  plant  expansion.^  This  document  also  considered 
alternatives  to  the  proposed  expansion,  which  included  no  action,  constructing  a  new  plant,  and 
diverting  a  portion  of  the  flow  to  the  municipal  system.  Construction  of  a  new  plant  to  treat  either 
49,000  mVday  (1 3  mgd)  or  1 9,700  mVday  (5.2  mgd)  was  not  selected  because  of  cost,  land,  and 
site  development  issues.  Diverting  19,700  mVday  (5.2  mgd)  of  the  wastewater  to  the  City 
municipal  wastewater  system,  where  it  would  be  treated  at  the  SIWWTP,  was  not  selected  because 
of  the  capacity  restraints  on  the  City  facility,  uncertainties  surrounding  the  granting  of  easements, 
and  higher  costs.  The  EA  concluded  that  the  proposed  expansion  to  the  east  of  the  existing 
facilities  best  met  the  selection  aiteria  and  would  not  have  unmitigable  adverse  impacts. 

Documents  Associated  with  the  SIWWTP  -  The  appropriate  level  of  wastewater  treatment  prior 
to  discharge  to  Mamala  Bay  has  been  debated  for  many  years.  In  1 990,  legal  action  was  taken  by 
the  Sierra  Club  Legal  Defense  Fund  and  Hawaii's  Thousand  Friends  against  the  City,  alleging 
violation  of  the  Clean  Water  Act  and  the  terms  and  conditions  of  the  NPDES  permit  by  failing  to 
upgrade  the  HWWTP  and  SIWWTP  to  secondary  treatment.  This  legal  action  resulted  in  a  consent 
decree  being  issued  by  the  U.S.  District  Court  in  November  1991.  The  consent  deaee  aeated  the 
Mamala  Bay  Study  Commission  and  imposed  completion  deadlines  for  preparation  of  the  East 
Mamala  Bay  Facilities  Plan  (which  includes  the  SIWWTP)  and  the  associated  EIS. 


^Belt  Collins  &  Associates  (August  1992)  Expansion  of  the  Wastewater  Treatment  Plant  at  Fort  Kamehameha  Environmental 
Assessment  Prepared  for  the  Department  of  the  Navy,  Public  Works  Center. 

^U.S.  Navy  (September  1997  -  September  1998)  National  Po//utant  Discharge  Elimination  System  (NPDES)  Discharge 
Monitoring  Report  (DMR)  for  Fort  Kamehameha  Facility  at  Hickam  Air  Force  Base, 

^Belt  Collins  &  Associates  (August  1992). 
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The  Facilities  Plan  and  EIS  for  East  Mamala  Bay  were  completed  by  the  City  in  December  1 993.® 
These  documents  analyzed  a  variety  of  alternatives  for  meeting  the  needs  of  the  predicted  increase 
in  wastewater  treatment  requirements.  The  EIS  concluded  that  the  preferred  alternative,  improving 
the  collection  system  and  upgrading  the  SIWWTP  to  "advanced"  primary  treatment,  would  not 
have  any  unmitigable  adverse  impacts.  This  advanced  treatment  alternative  included  the  addition 
of  chemical  treatment  and  other  improvements  to  the  primary  system. 

The  purposes  of  the  Mamala  Bay  Study  Commission,  as  mandated  by  the  consent  decree,  were 
to:  (1)  resolve  contention  over  the  adequacy  of  information  on  the  quality  of  Mamala  Bay  waters, 
using  detailed  scientific  study,  and  (2)  recommend  measures  to  improve  water  quality.  A  study 
fund  was  created  using  money  from  the  City. 

The  scientific  studies  were  begun  following  the  publication  of  the  Final  EIS  for  the  East  Mamala 
Bay  Faci  I  ities  Plan.  A  total  of  2  7  disti  net  studies,  together  comprising  the  Mamala  Bay  Study  (MBS), 
were  commissioned.  The  components  of  the  MBS  were  intended  to  develop  a  water  quality 
management  plan  for  Mamala  Bay  and  to  collectively  address  the  issues  set  forth  in  the  consent 
decree.  These  issues  include  the  impact  on  Mamala  Bay  water  quality  of  the  City's  WWTP  effluent 
discharges  and  the  level  of  wastewater  treatment  required  at  City  WWTPs  to  protect  the  water 
quality  of  Mamala  Bay.  The  studies  addressed  ocean  circulation,  characteristics  of  outfall  plumes, 
sources  of  point  and  nonpoint  pollution,  risks  to  public  health,  effects  on  the  Mamala  Bay 
ecosystem,  and  water  quality  management  alternatives.  The  final  results  of  the  studies  were 
published  by  the  Mamala  Bay  Study  Commission  in  April  of  1996. 

The  MBS  was  used  as  background  information  for  evaluation  of  cumulative  impacts  of  the  action 
proposed  in  this  EIS  (see  Section  4.4). 

HWWTP  -  The  Facilities  Plan  and  EIS  for  West  Mamala  Bay  are  still  under  development.  No  date 
has  currently  been  set  for  their  completion. 

EIS  for  Hawaii  Dredged  Material  Disposal  Sites  Designation  -  Maintenance  dredging  for  harbors 
in  the  Hawaiian  Islands  is  performed  approximately  every  five  to  1 0  years  (or  as  needed  for  Pearl 
Harbor)  to  maintain  adequate  operating  depths.  Harbor  depths  are  reduced  as  a  result  of  buildup 
of  materials  washed  into  harbors  from  littoral  sources,  surface  water  runoff,  and  streams.  An  EIS 
for  the  Hawaii  dredging  material  disposal  sites  was  completed  in  September  1980.®  The  EIS 
considered  the  designations  of  five  deep-ocean  sites  for  the  continuing  disposal  of  maintenance 
dredged  materials.  The  proposed  action  amended  the  1977  interim  designation  of  the  USEPA 
Ocean  Dumping  Regulations  and  Criteria  by  altering  the  location  of  three  sites,  adding  two  new 
sites,  and  making  final  designations  of  all  five  sites,  including  the  South  Oahu  site,  which  may  be 
used  during  the  construction  of  the  replacement  outfall.  The  EIS  desaibes  impacts  from  use  of  the 
sites  for  dredged  material  disposal,  which  are  not  significant  within  imposed  disposal  guidelines. 


®Belt  Collins  &  Associates  (December  1993a)  fast  Mamala  Bay  Wastewater  Facilities  Plan.  Prepared  for  the  City  and  County  of 
Honolulu,  Department  of  Wastewater  Management;  Belt  Collins  &  Associates  (December  1993b)  East  Mamala  Bay  Wastewater 
Facilities  Plan  Final  Environmental  Impact  Statement  Prepared  for  the  City  and  County  of  Honolulu,  Department  of  Wastewater 
Management. 

®U.S.  Environmental  Protection  Agency  (September  1980)  Final  £nv/ronmenta/  Impact  Statement  (EIS)  for  Fiawaii  Dredged 
Material  Disposal  Sites  Designation. 
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1.7  Overview  of  Wastewater  Treatment  Plant  at  Fort 
Kamehameha 

The  WWTP  at  Fort  Kamehameha  presently  discharges  sand-filtered  and  disinfected  secondary 
effluent,  or  "advanced"  secondary  effluent,  into  the  Pearl  Harbor  Entrance  Channel.  This  section 
provides  an  overview  of  the  WWTP  including  its  location,  operation,  and  various  improvements 
completed  at  the  plant. 

1.7.1  Location  and  Context 

The  WWTP  at  Fort  Kamehameha  is  located  on  Navy  land  adjacent  to  Hickam  Air  Force  Base 
(AFB),  near  the  entrance  to  Pearl  Harbor  in  the  Ewa  district  of  Oahu.  The  WWTP  is  owned, 
operated,  and  maintained  by  PWC  and  was  built  in  inaements  beginning  in  1969.  It  occupies 
approximately  4.7  hectares  (1 2  aaes)  of  land  and  treats  both  domestic  and  industrial  wastewater 
flows  generated  by  the  Pearl  Harbor  Naval  Complex  and  the  Hickam  Complex  (Figure  1 .7-1 ).  The 
Pearl  Harbor  Naval  Complex  consists  of  the  Main  Naval  Complex,  Ford  Island,  Ship  Wastewater 
Collection  Ashore  Abatement  System,  the  Marine  Corps'  Camp  Smith,  and  adjacent  family 
housing.  Wastewater  from  a  holding  tank  at  the  Red  Hill  Complex  is  also  pumped  to  the  Navy 
collection  system.  The  Hickam  Complex  consists  of  Hickam  AFB  and  the  Hawaii  Air  National 
Guard.  Hickam  AFB  includes  the  former  Fort  Kamehameha  Army  Reservation. 

1.7.2  Plant  Operations 

The  WWTP  provides  advanced  secondary  treatment  for  wastewater  through  the  use  of  clarifiers, 
an  activated  sludge  process,  and  effluent  filtration.  The  plant's  capacity  has  been  expanded  from 
the  original  design  capacity  of  28,000  mVday  (7.4  mgd)  to  49,000  mVday  (13  mgd).  The  plant 
includes  facilities  for  the  treatment  of  both  liquid  and  solid  waste  streams.  Recent  plant 
improvements  include  an  anoxic  selector  process  to  improve  settling  of  the  secondary  sludge,  sand 
filters  to  remove  additional  particulate  matter  from  the  effluent,  and  ultraviolet  (UV)  disinfection 
of  effluent  prior  to  discharge. 

The  treatment  processes  at  the  WWTP  remove  about  90  to  95  percent  of  the  solid  and  organic 
matter  from  the  wastewater.  The  treated  wastewater  is  disinfected  by  UV  light  before  it  is 
discharged  into  the  Pearl  Harbor  Entrance  Channel  through  the  existing  ocean  outfall.  The  existing 
outfall  is  a  76-cm  (30-inch)-diameter,  549-m  (1,800-ft)-long  reinforced  concrete  pipe  that 
discharges  the  treated  wastewater  through  a  diffuser  at  a  depth  of  13.7  m  (45  ft). 

1.7.3  Treatment  Processes 

The  WWTP  at  Fort  Kamehameha  treats  the  wastewater  by  an  activated  sludge  process  followed 
by  sand  filtration  and  UV  disinfection.  Major  unit  processes  include  the  following  (Figure  1 .7-2): 

•  Head  works  to  screen  raw  wastewater, 

•  Primary  clarifiers  to  remove  settleable  solids  (primary  sludge), 

•  Aeration  tanks  to  aerate  and  biologically  convert  suspended  and  dissolved  organic  matter  to 
settleable  biomass  (secondary  sludge), 

•  Aeration/anoxic  tanks  to  control  organisms  that  impede  settling  in  the  secondary  clarifiers, 

•  Secondary  clarifiers  to  remove  secondary  sludge  from  the  treated  wastewater, 

•  Traveling  bridge  sand  filters  to  further  remove  particulate  matter. 
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Navy  land  serviced  by 
WWTP 

Air  Force  land  serviced 
by  WWTP 


SERVICE  AREA  OF  WWTP 
AT  FORT  KAMEHAMEHA 

EIS  for  Outfall  Replacement,  WWTP  at  Fort  Kamehameha 

March  2001 


Figure  1.7-2 
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•  UV  disinfection  facilities, 

•  Dissolved  air  flotation  sludge  thickeners, 

•  Anaerobic  digesters  to  stabilize  and  condition  both  primary  and  secondary  sludge  prior  to 
dewatering,  and 

•  Centrifuges  to  reduce  water  content  of  the  digested  and  thickened  sludge  to  approximately 
80  percent  by  weight  prior  to  disposal  off  site. 

Collection  and  Screening  Processes.  Raw  wastewater  is  transferred  from  the  Pearl  Harbor  and 
Hickam  complexes  via  pumping  stations  and  gravity  sewers  and  is  combined  with  various  plant 
sidestream  flows  in  the  plant  headworks.  The  combined  flows  then  pass  through  mechanical  bar 
screens  to  remove  coarse  objects. 

Primary  Clarification.  After  pretreatment,  the  wastewater  flows  by  gravity  to  three  primary 
clarifiers.  A  large  portion  of  the  solids,  referred  to  as  primary  sludge,  is  separated  and  transferred 
to  the  solids  handling  system  (see  below).  Two  clarifiers  are  24  m  (80  ft)  in  diameter  and  2.7  m 
(9  ft)  deep.  The  third  clarifier  is  29  m  (95  ft)  in  diameter  and  3.7  m  (12  ft)  deep.  The  purpose  of 
primary  clarification  is  to  concentrate  and  remove  suspended  organic  sol  ids  from  wastewater  using 
gravity  separation. 

The  primary  clarifiers  have  rotary  sludge  rakes  and  skimmers.  The  sludge  rakes  travel  over  the 
bottom  of  the  units,  while  the  skimmers  travel  over  the  wastewater's  surface  to  remove  the  sludge 
and  scum,  respectively.  The  scum  and  sludge  collected  in  the  primary  clarifiers  are  then  pumped 
to  the  sol  ids  handling  system.  Effluent  from  the  primary  clarifiers  flows  by  gravity  into  the  primary 
effluent  channel,  then  to  the  activated  sludge  anoxic  and  aeration  basins. 

Activated  Sludge  with  Anoxic  Selector.  The  activated  sludge  process  is  a  suspended-culture 
system  in  which  settled  sludge  from  the  secondary  clarifiers  is  returned  to  the  aeration  basins  to 
increase  the  available  biomass  (miCTOorganisms).  The  miCTOorganisms  metabolize  and  biologically 
flocculate  the  suspended  and  dissolved  organic  material  in  the  wastewater.  The  anoxic  selector 
improves  the  secondary  sludge  settling  characteristics  by  providing  anoxic  (low  dissolved  oxygen 
content)  zones  at  specific  stages  of  the  aeration  process.  These  anoxic  zones  prevent  filamentous 
microorganisms,  which  impede  proper  settling  of  secondary  sludge,  from  growing  during  the 
aeration  process. 

Secondary  Clarification.  The  effluent  from  the  activated  sludge  aeration  basins  flows  by  gravity 
into  six  secondary  clarifiers  where  most  of  the  suspended  solids  settle  out,  concentrating  the 
biomass.  The  secondary  sludge  is  collected  in  these  clarifiers  by  either  a  rapid  sludge  removal 
system  or  a  spiral  scraper.  Most  of  the  collected  sludge  is  pumped  back  to  the  aeration  tanks  as 
return  sludge.  The  remaining  sludge  and  secondary  scum  are  pumped  to  the  solids  handling 
system  (see  below). 

Effluent  Filtration.  Prior  to  disinfection,  the  effluent  is  filtered  using  multimedia  sand  filtration  to 
remove  suspended  solids  that  are  not  removed  by  the  secondary  clarifiers. 

Disinfection.  Filtered  effluent  then  flows  to  the  UV  disinfertion  tank,  where  it  is  disinfected  by 
exposure  to  intense  UV  light  prior  to  discharge. 

Disposal.  Following  disinfection,  the  effluent  generally  flows  by  gravity  through  the  existing 
ocean  outfall  and  discharges  into  the  ocean.  At  times  of  extremely  high  wastewater  flows, 
coincident  with  high  tides,  it  is  necessary  to  pump  the  effluent  through  the  outfall.  As  part  of  the 
recent  expansion  project,  a  new  effluent  pump  station  was  constructed. 
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Solids  Handling  System.  Sludge  from  the  primary  clarifiers  is  first  pumped  to  a  sludge  degritter 
system  to  remove  the  inorganic  solids  and  heavier  organics  which  are  referred  to  as  grit.'°  After 
the  grit  is  removed,  the  primary  sludge  is  pumped  with  the  secondary  sludge  to  two  dissolved  air 
flotation  sludge  thickeners.  The  thickened  sludge  is  then  processed  by  three  anaerobic  digesters. 
The  anaerobic  digesters  convert  much  of  the  sludge  into  liquids  or  gases,  minimizing  the  residual 
biomass.  The  liquids  produced  are  recycled  back  to  the  plant  headworks  while  the  gases  are  sent 
to  a  flare  for  burning.  The  remaining  sludge  is  then  dewatered  by  centrifuges  prior  to  offsite 
disposal.  The  liquids  produced  by  the  centrifuges  are  also  recycled  back  to  the  plant  headworks. 

Auxiliary  Systems.  Recently  completed  improvements  to  the  WWTP  include  an  upgrade  of  the 
electrical  system  and  the  installation  of  an  odor  control  system.  In  addition,  a  new  1,400  kilowatt 
emergency  generator  was  added  at  the  southwest  corner  of  the  WWTP. 

Prior  to  plant  expansion,  the  quality  of  the  effluent  generally  met  permit  requirements  but 
occasionally  exceeded  permit  limits.  Although  not  required  within  the  zone  of  mixing  (ZOM)" 
defined  in  the  NPDES  permit  for  the  effluent  discharge,  the  nutrient  content  of  the  undiluted 
effluent  generally  met  the  receiving  water  quality  standards  for  concentrations  of  ammonium 
nitrates,  total  nitrogen,  and  phosphorous.  Occasional  exceedences  of  Pearl  Harbor  Estuary  water 
quality  standards  within  the  existing  ZOM  result  primarily  from  nonpoint  source  pollution  from 
land-based  sources. 

1.8  Document  Organization 

This  EIS  is  organized  in  the  following  manner: 

•  Chapter  2  -  Proposed  Action  and  Alternatives  gives  details  of  the  proposed  action  and  the 
alternatives  to  the  proposed  action.  It  provides  information  regarding  the  tiered  evaluation,  or 
screening  process,  performed  to  eliminate  those  alternatives  determined  to  be  infeasible  from 
further  analysis. 

•  Chapter  3  -  Regional  Environmental  Setting  describes  the  current  state  of  the  environment  in 
the  region  potentially  impacted  by  the  proposed  action  and  the  alternatives. 

•  Chapter  4  -  Analysis  of  Impacts  and  Mitigation  analyzes  the  potential  i mpacts  of  the  proposed 
action  and  the  underground  injection  and  no-action  alternatives,  identifies  where  applicable, 
potential  mitigation  for  these  impacts,  and  provides  a  summary  of  environmental 
consequences  with  identification  of  the  preferred  alternative  and  the  environmentally 
preferred  alternative. 


’“inorganic  solids  include  pebbles,  sand,  silt,  egg  shells,  and  metal  fragments.  Heavier  organics  consist  of  bone  chips,  seeds, 
and  coffee  and  tea  grounds. 

”ZOMs  are  areas  around  outfall  discharges  that  are  exempt  from  water  quality  standards,  to  allow  for  the  initial  dilution  of 
treated  effluent. 
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2.1  Introduction 

This  chapter  describes  the  proposed  action  and  alternatives  and  provides  information  regarding 
the  tiered  evaluation  process  used  to  determine  the  feasible  alternatives,  whose  environmental 
effects  are  analyzed  in  greater  detail  in  Chapter  4. 

2.1.1  Organization  of  Chapter 

This  chapter  begins  with  an  overview  of  the  proposed  action  and  alternatives.  An  explanation  of 
the  methodology  used  to  develop  the  data  that  are  presented  for  the  proposed  action  and 
alternatives  follows.  The  main  body  of  the  chapter  presents  an  in-depth  desaiption  of  the 
proposed  action  and  alternatives,  including  such  information  as  applicable  regulatory  constraints, 
the  construction  process,  operational  and  maintenance  requirements,  and  life-cycle  cost  estimates. 
A  preliminary  evaluation  of  the  proposed  action  and  alternatives  was  performed  to  determine 
feasibility.  The  chapter  concludes  with  a  summary  of  the  proposed  action  and  alternatives 
considered  for  detailed  environmental  impacts  analysis  and  the  results  of  this  analysis. 

2.1.2  Overview  of  the  Proposed  Action  and  Alternatives 

This  section  provides  an  introduction  to  the  proposed  action  and  potentially  reasonable 
alternatives  to  the  proposed  action.  The  proposed  action  constitutes  the  preferred  alternative. 

2.1. 2.1  Introduction  to  the  Proposed  Action 

The  proposed  action  consists  of  the  construction  and  operation  of  a  new  wastewater  effluent 
outfall  to  replace  the  existing  outfall  of  the  Wastewater  Treatment  Plant  (WWTP)  at  Fort 
Kamehameha.  The  proposed  outfall  satisfies  the  project's  purpose  by  eliminating  the  discharge  of 
wastewater  effluent  into  the  Water  Quality  Limited  Segment  (WQLS)  of  Pearl  Harbor  (see 
Figure  1.2-1).  This  is  accomplished  by  relocating  the  effluent  discharge  from  the  Pearl  Harbor 
Estuary  to  Class  A  Open  Coastal  Waters.  The  Pearl  Harbor  Estuary  is  classified  by  the  State 
Department  of  Health  (DOH)  as  Class  2  Inland  Waters,  signifying  that  the  disch^lrge  of  additional 
pollutants  to  the  estuary  will  not  be  allowed.  Although  the  current  WWTP  at  Fort  Kamehameha 
discharge  is  authorized  by  an  administrative  extension  of  the  expired  permit,  the  new  permit, 
when  issued,  isexpected  to  contain  more  stringent  effluent  requirements  fordischarge  of  nutrients 
and  metals  to  the  WQLS  of  Pearl  Harbor.  The  new  requirements  are  expected  to  inaease  to  the 
extent  that  the  existing  discharge  to  Pearl  Harbor  would  likely  be  noncompliant  (see  Appendix  I). 

The  WWTP  at  Fort  Kamehameha  is  currently  the  only  remaining  major  treatment  facility  on  Oahu 
discharging  to  an  estuary.  By  relocating  the  discharge  to  Open  Coastal  Waters,  the  proposed  new 
outfall  will  no  longer  discharge  into  an  estuary  or  a  WQLS.  The  proactive  relocation  of  the 
discharge  would  be  in  consonance  with  statewide  water  quality  objectives.  The  relocated  effluent 
discharge  will  be  into  deeper  waters,  which  provide  better  mixing  and  dilution  than  the  existing 
outfall.  In  these  deeper  waters,  there  is  a  much  greater  capacity  for  assimilation  of  the  effluent  with 
only  minor  impacts  to  receiving  waters,  in  comparison  to  the  existing  outfall.  A  more  detailed 
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description  of  these  water  body  classifications  and  their  relevance  to  the  proposed  discharge 
relocation  is  provided  in  Chapter  4. 

2.1 .2.2  Development  of  the  Alternatives  and  Refinement  of  the  Proposed 
Action 

A  tiered  approach  was  used  to  determine  and  develop  the  alternatives  to  the  proposed  action.  At 
the  first  level,  consideration  was  given  to  alternative  methods  of  effluent  disposal  other  than  a 
replacement  outfall. 

A  potential  alternative  that  was  considered  and  dismissed  at  this  level,  because  it  would  be 
impractical  to  implement,  was  pumping  the  wastewater  to  the  Sand  Island  Wastewater  Treatment 
Plant  (SIWWTP),  which  is  owned  and  operated  by  the  City  and  County  of  Honolulu  (City).  The 
SIWWTP  is  a  primary  plant  that  operates  under  a  waiver  to  the  national  requirements  for 
secondary  treatment  of  wastewater  as  defined  in  Section  301  (h)  of  the  Clean  Water  Act  (CWA). 

The  four  major  reasons  that  this  potential  alternative  was  found  to  be  impractical  to  implement  are 
summarized  here.  First,  because  a  large  component  of  the  influent  to  the  WWTP  at  Fort 
Kamehameha  comes  from  industrial  sources,  diverting  this  wastewater  stream  to  the  SIWWTP 
could  potentially  result  in  the  City  losing  its  301(h)  waiver  in  addition  to  potentially  causing 
problems  with  permit  compliance.  The  capital  and  operating  costs  associated  with  upgrading  the 
SIWWTP  to  secondary  treatment  would  be  prohibitive. 

The  second  reason  is  that  existing  sewer  lines  are  not  available  to  convey  the  wastewater  to  the 
SIWWTP.  A  new  conveyance  system,  consisting  of  a  large  wastewater  pump  station  and  a  force 
main  approximately  12.9  kilometers  (km)  (8  miles  [mi])  in  length,  would  need  to  be  constructed. 
The  force  main  would  cross  three  streams  and  Honolulu  Harbor  to  reach  the  SIWWTP.  The  cost 
of  constructing  this  conveyance  system  would  be  very  high,  and  there  would  also  be 
environmental  impacts,  such  as  the  potential  for  encountering  archaeological  resources  and  the 
disruption  to  traffic  and  other  existing  activities  while  trenching  for  the  force  main. 

Third,  if  the  wastewater  were  conveyed  to  the  SIWWTP  without  any  treatment  at  the  WWTP  at 
Fort  Kamehameha,  additional  treatment  capacity  that  has  not  been  anticipated  and  planned  for 
would  need  to  be  provided  at  the  SIWWTP.  Furthermore,  the  capacity  of  the  existing  Sand  Island 
outfall  is  intended  to  serve  existing  and  future  development  according  to  City  plans.  Even  if  the 
wastewater  were  treated  at  the  existing  Fort  Kamehameha  facility  prior  to  pumping  it  to  the 
SIWWTP,  costly  pumping  through  the  outfall  or  construction  of  a  second  outfall  would  be 
required  sooner  than  anticipated  based  on  existing  plans. 

Finally,  this  potential  alternative  would  not  be  consistent  with  the  State's  existing  water 
management  plan,  required  under  Section  208  of  the  CWA,  which  states  that  Navy  and  Air  Force 
wastewater  will  be  treated  and  discharged  through  the  WWTP  at  Fort  Kamehameha.  Amending 
this  plan  so  that  the  wastewater  could  be  diverted  to  the  SIWWTP  would  be  an  onerous  and  very 
time-consuming  process. 

Alternatives  identified  and  considered  to  be  potentially  practical  to  implement  at  the  first  level 
included  underground  injection,  no  action,  treatment  plant  upgrade,  infiltration/evaporation,  and 
effluent  reuse.  Conceptual  designs  were  developed  for  analysis  of  these  alternatives.  The 
conceptual  designs  do  not  include  the  same  level  of  detail  for  all  alternatives.  The  conceptual 
design  process  for  a  particular  alternative  was  carried  forward  until  it  became  evident  that  the 
alternative  was  not  feasible.  Specifically,  system  details  and  cost  estimates  were  not  developed  for 
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the  infiltration  and  evaporation  alternative,  because  the  land  area  required  to  dispose  of  the 
effluent  flow  was  determined  to  be  unavailable.  Therefore,  this  alternative  was  found  to  be 
infeasible  without  further  evaluation.  Based  upon  preliminaryanalysis  of  these  conceptual  designs, 
treatment  plant  upgrade,  infiltration/evaporation,andeffluentreusewereeliminated  as  impractical 
alternatives  for  reasons  identified  in  Section  2.8.  Underground  injection  was  determined  to  be  a 
reasonable  alternative  to  the  proposed  action.  Accordingly,  the  proposed  action,  the  underground 
injection  alternative,  and  the  no-action  alternative  were  carried  forward  for  a  more  detailed 
second-tier  analysis  of  their  environmental  impacts,  presented  in  Chapter  4. 

At  the  third  level,  various  outfall  alignment  options  and  two  diffuser  options  were  studied. 
Development  of  the  proposed  action  was  an  iterative  design  process  in  which  the  alignment  of 
the  outfall  and  the  proposed  construction  methods  were  analyzed  and  modified  several  times  (see 
Figure  1.4-1).  The  alignment  originally  proposed  during  the  scoping  phase  was  found  to  pass 
through  a  region  ofvery  soft  marine  sediments  incapable  ofadequatelysupportingthe  outfall  pipe. 
Several  subsequent  alignment  options  were  investigated  and  rejected  because  they  were  found 
to  pass  through  areas  of  substantial  living  coral  growth.  Additional  factors  considered  during  the 
alignment  selection  process  included  proximity  to  the  historic  Fort  Kamehameha  housing  area  and 
to  the  two  sand  islets  offshore  of  the  housing  area.  These  islets  serve  as  foraging  and  resting  habitat 
for  various  migratory  birds,  including  the  endangered  Hawaiian  stilt. 

Two  other  alignment  options  located  outside  of  the  alignment  corridor  shown  in  the  Draft 
Environmental  Impact  Statement  (DEIS)  were  also  considered.  An  alignment  to  the  east  through 
Hickam  Harbor  (see  Figure  1.4-1)  was  eliminated  from  further  consideration  because  it  would 
involve  construction  of  the  outfall  in  submerged  lands  belonging  to  the  State. 

An  alignment  along  the  western  side  of  the  Pearl  Harbor  Entrance  Channel  was  eliminated  for 
several  reasons.  This  western  alignment  would  require  burying  the  sewer  outfall  pipe  across  the 
Pearl  Harbor  Entrance  Channel,  well  below  the  mudline  so  that  it  would  not  be  damaged  by  ship 
anchoring  emergencies  in  the  channel.  Because  the  proposed  outfall  is  designed  for  gravity  flow, 
the  preferred  vertical  alignment  of  the  pipe  would  be  to  maintain  a  downward  slope.  Thus,  the 
pipe  would  remain  deep  after  crossing  under  the  Pearl  Harbor  Entrance  Channel.  Along  the 
western  edge  of  the  channel,  excavation  depths  for  trenching  would  average  at  least 
7.6  meters  (m)  (25  feet  [ft])  (assuming  a  21.3-m  (70-ft)-deep  pipe  invert  and  13.7  m  [45-ft] 
mudline).  The  bottom  material  is  expected  to  be  quite  flat,  so  the  excavation  quantities  and 
associated  construction  costs  would  increase  dramatically  compared  to  the  3.0-m  (lO-ft)-deep 
trench  along  the  proposed  alignment.  The  deeper  the  sewer  outfall  alignment,  the  more  costly  it 
is  to  construct.  In  addition,  land-based  construction  equipment  and  vehicles  could  not  be  used  to 
construct  the  western  alignment,  so  diver  requirements  would  be  greater,  adding  to  the 
construction  costs. 

If  the  outfall  was  designed  to  aoss  under  the  channel  and  come  back  up,  an  inverted  siphon 
would  be  created.  Although  occasionally  used  in  gravity  collection  systems  to  cross  streams  and 
other  obstructions,  an  inverted  siphon  is  a  high  maintenance  conveyance  due  to  the  tendency  for 
solids  to  settle  at  the  bottom  of  the  siphon.  Clean  out  access  points  are  needed  on  each  side  of  the 
siphon.  An  inverted  siphon  under  the  Pearl  Harbor  Entrance  Channel  would  be  much  larger  than 
is  typical,  and  access  for  cleaning  and  maintenance  would  be  difficult  and  costly. 

An  alignment  along  the  western  side  of  the  Pearl  Harbor  Entrance  Channel  would  also  encounter 
areas  of  living  coral.  Although  a  survey  has  not  been  performed  on  the  western  side  of  the 
channel,  cursory  observations  have  indicated  that  coral  densities  on  the  western  side  are  similar 
to  or  greater  than  those  along  the  preferred  alignment. 
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The  preferred  outfall  alignment  and  the  specific  selection  of  construction  methods  along  the 
alignment  are  a  result  of  extensive  geotechnical  and  benthic  investigations  and  construction 
methodology  analysis.  The  preferred  alignment  minimizes  environmental  impacts  to  benthic 
communities,  avoids  the  offshore  sand  islets  and  the  Fort  Kamehameha  housing  area,  and  is 
considered  constructable  by  the  proposed  methods. 

The  diffuser  options  presented  during  the  scoping  phase  and  in  the  DEIS  were  also  subjected  to 
additional  consideration.  The  diffuser  preferred  during  the  scoping  phase  and  proposed  in  the 
DEIS  was  retained.  Given  its  length  and  depth,  it  provides  superior  dilution  and  a  smaller  zone 
of  mixing  (ZOM)  than  the  longer,  shallower  diffuser. 

2.1 .2.3  Introduction  to  the  Alternatives 

This  section  introduces  the  five  alternatives  to  the  replacement  outfall  that  were  evaluated  at  the 
first  tier  of  this  Environmental  Impact  Statement  (EIS)  process:  underground  injection,  no  action, 
treatment  plant  upgrade,  infiltration  and  evaporation,  and  effluent  reuse. 

Each  alternative  was  conceptually  configured  to  meet  the  purpose  of  the  proposed  action,  which 
is  to  reduce  mass  loadings  from  the  discharge  of  wastewater  effluent  into  the  WQLS  of  Pearl 
Harbor  Estuary.  The  alternatives  were  also  conceptually  configured  to  meet  the  project's  needs, 
which  are  to  provide  an  effluent  disposal  system  that  meets  all  environmental  and  regulatory 
constraints  and  is  similar  in  capacity  and  operational  reliability  to  the  existing  outfall  system.  Life- 
cycle  costs  were  then  estimated  to  determine  whether  the  alternative  is  economical  ly  competitive 
with  other  disposal  options  and  suitable  for  acquisition  under  prevailing  federal  standards. 
Alternatives  that  are  infeasible  for  acquisition  are  not  reasonable. 

Underground  Injection 

Effluent  disposal  by  subsurface  injection  requires  the  construction  of  a  sufficient  number  of 
injection  wells  in  thevicinity  of  the  WWTP  to  dispose  of  the  projected  future  flow  of  49,000  cubic 
meters  per  day  (mVday)  (13  million  gallons  per  day  [mgd]).  This  method  of  disposal  is  highly 
dependent  upon  the  existence  of  suitable  subsurface  geologic  conditions  for  effluent  injection. 

No  Action 

This  alternative  is  continued  use  of  the  existing  outfall  indefinitely  into  the  future.  The  existing 
outfall  discharges  into  14-m  (46-ft)-deep  water  in  the  Pearl  Harbor  Entrance  Channel  adjacent  to 
the  WWTP  at  Fort  Kamehameha  (see  Figure  1.4-1).  As  noted  earlier,  it  is  anticipated  that  more 
stringent  limits  for  discharge  of  nutrients  and  toxins  to  the  estuary  will  be  imposed  by  the  DOH 
at  the  next  permit  renewal.  The  U.S.  Environmental  Protection  Agency  (USEPA)  has  indicated  that 
these  anticipated  limits  may  be  exceeded  unless  action  is  taken  to  reduce  these  loadings  (see 
Appendix  I).  Additional  costly  treatment,  which  is  not  practical,  would  be  necessary  at  the  WWTP 
(see  Treatment  Plant  Upgrade).  Taking  no  action  jeopardizes  the  ability  of  Navy  Public  Works 
Center,  Pearl  Harbor  (PWC)  to  meet  anticipated  near  term  permit  requirements  and  to  treat  and 
dispose  of  increased  future  wastewater  flows. 
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Treatment  Plant  Upgrade 

This  potential  alternative  includes  the  addition  of  nutrient  removal  facilities  and  possibly  toxin 
removal  facilities  to  the  WWTP  to  satisfy  the  requirements  for  discharge  of  anticipated  increased 
future  flows  to  the  Pearl  Harbor  Estuary.  Removal  of  both  nitrogen  and  phosphorous  could  be 
accomplished  by  a  biological  nutrient  removal  system.  Removal  of  toxic  constituents,  specifically 
heavy  metals  and  pesticides,  could  be  accomplished  by  granular  activated  carbon  (GAC)  filtration 
of  the  effluent  prior  to  disinfection.  Based  upon  identified  constraints  for  this  alternative,  including 
estimated  land  requirements  and  life-cycle  costs  of  the  proposed  facilities,  presented  in 
Section  2.5,  this  alternative  is  not  considered  reasonable.  Thus,  this  alternative  is  rejected  and  the 
specific  environmental  impacts  of  this  alternative  are  not  analyzed  in  subsequent  chapters  of  this 
EIS. 

Infiltration  and  Evaporation 

Effluent  disposal  by  infiltration  and  evaporation  requires  the  construction  of  very  large 
infiltration/evaporation  ponds,  from  which  the  effluent  would  simultaneously  evaporate  and 
infiltrate  into  the  ground.  The  detailed  analysis  of  this  option,  provided  in  Section  2.6,  indicates 
that  more  than  105  hectares  (ha)  (260  acres  [ac])  would  be  required  to  dispose  of  the  projected 
future  flow  of  49,000  mVday  (13  mgd).  Based  on  this  large  land  requirement,  this  alternative  is 
not  considered  reasonable.  Therefore,  the  infiltration  and  evaporation  alternative  is  rejected,  and 
the  specific  environmental  impacts  are  not  analyzed  in  subsequent  chapters  of  this  EIS. 

Effluent  Reuse 

The  philosophy  behind  wastewater  effluent  reuse  is  somewhat  different  from  that  of  effluent 
disposal.  Although  reusing  effluent  functionally  disposes  of  it,  the  focus  is  on  the  benefits  that  are 
obtained  from  reusing  the  effluent.  The  effluent  is  seen  as  a  resource  rather  than  a  waste  material 
to  be  disposed.  Because  effluent  reuse  not  only  provides  a  resource  but  also  disposes  of  a 
continually  produced  flow  of  treated  wastewater,  the  economics  of  reuse  are  dependent  upon  the 
cost  of  converting  the  waste  to  a  usable  resource  and  upon  demand  for  the  resulting  product.  The 
effluent  must  meet  the  requirements  of  users  and  must  be  available  at  a  price  comparable  to  other 
sources  of  nonpotable  water. 

The  primary  demand  for  nonpotable  water  in  the  vicinity  of  the  WWTP  at  Fort  Kamehameha  is  for 
irrigation  of  golf  courses  and  landscaped  areas  at  the  Honolulu  International  Airport.  There  is  also 
a  nonpotable  water  demand  for  aircraft  wash  down  at  the  airport.  Because  of  the  high  salinity  of 
the  effluentfrom  the  WWTP  at  Fort  Kamehameha,  there  is  no  apparent  reuse  potential  without  first 
desalinating  the  effluent.  The  chloride  content,  a  common  measure  of  salinity,  ranges  from 
3,500  milligrams  per  liter  (mg/I)  to  5,500  mg/I.’  Desalinated  effluent  could  be  distributed  to  reuse 
areas  in  the  vicinity  of  the  WWTP,  including  golf  courses  within  approximately  5  km  (3  mi)  and 
the  Honolulu  international  Airport.  Brine  produced  from  the  desalination  process  would  contain 
nutrients  and  other  constituents  of  the  wastewater  effluent  and  would  need  to  be  disposed  to 
injection  wells.  DOH  regulations  require  adequate  effluent  storage  or  a  backup  disposal  system 
for  times  when  the  effluent  flow  rate  exceeds  the  reuse  requirements.  Backup  disposal  would  be 
provided  by  the  existing  outfall  and  the  proposed  brine-disposal  injection  wells. 

Based  upon  identified  constraints  for  this  alternative,  including  high  life-cycle  costs  for  production 
of  usable  nonpotable  water  and  insufficient  demand  for  reuse  of  the  effluent  at  its  production  cost, 

^U.S.  Navy,  Pacific  Division,  Naval  Facilities  Engineering  Command  (1996)  Monthly  Summaries  of  Daily  Effluent  at  the  WWTP 
at  Fort  Kamehameha,  Pearl  Harbor,  Hawaii, 
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presented  in  Section  2.7,  this  alternative  is  not  considered  reasonable.  This  alternative  is  rejected, 
and  the  specific  environmental  impacts  of  this  alternative  are  not  analyzed  in  subsequent  chapters 
of  this  EIS. 


2.1.3  Applicable  Regulations 

Table  2.1-1  summarizes  the  federal  and  state  regulations  applicable  to  the  discharges  from  the 
proposed  action  and  each  alternative.  Table  2.1-2  summarizes  the  Executive  Orders  applicable 
to  the  proposed  action  and  alternatives.  Executive  Order  1 3045,  Protection  of  Children  from 
Environmental  Health  Risks  and  Safety  Risks,  was  considered  but  determined  to  be  inapplicable 
to  the  proposed  action  and  alternatives. 

2.1.4  Methodology 

This  section  describes  the  methods  used  to  develop  comparable  information  on  the  proposed 
action  and  each  alternative. 

Planning  and  Design  Assumptions 

For  each  alternative,  a  "model"  system  was  developed  that  would  dispose  of  49,000  mVday 
(13  mgd)  of  effluent.  This  flow  rate  is  based  on  the  existing  design  capacity  of  the  upgraded 
WWTP.  Exceptfor  the  no-action  alternative,  the  models  comply  with  all  applicable  federal,  state, 
and  local  regulations,  as  well  as  with  relevant  engineering  and  environmental  standards  for 
construction  and  operation.  This  approach  makes  the  alternatives,  exceptfor  no  action,  equivalent 
from  a  compliance  standpoint.  The  next  section  describes  the  methods  used  to  develop  cost 
estimates  for  the  proposed  action  and  each  alternative. 

Development  of  Cost  Estimates 

To  enable  an  economic  comparison  of  the  proposed  action  and  alternatives,  each  was  assessed 
in  terms  of  a  30-year  life-cycle  cost.  Costs  include  capital  outlays  and  recurring  operations  and 
maintenance  (O&M)  costs.  Costs  common  to  all  alternatives,  such  as  O&M  costs  for  the  existing 
wastewater  treatment  process,  were  excluded  from  consideration.  As  identified  below,  a  number 
of  assumptions  were  made  for  the  purposes  of  determining  costs. 

Facility  Site  and  Easement  Availability 

It  was  assumed  that  land  and  easements  for  necessary  treatment  and  transmission  facilities  would 
be  available  at  no  cost.  Where  practical,  new  transmission  lines  were  routed  along  existing  roads. 

Capital  Costs 

The  capital  cost  estimate  for  the  proposed  action  was  based  upon  a  Parametric  Cost  Estimate 
prepared  for  Pacific  Division,  Naval  Facilities  Engineering  Command  (PACNAVFACENGCOM) 
by  engineering  consultants.^  Estimates  of  capital  costs  for  the  alternatives  were  based  upon  the 
U.S.  Navy  Cost  Data  Book,^  conversations  with  equipment  vendors  and  manufarturers,  consultant 


^U.S.  Navy,  Navy  Public  Works  Center  Oune  2,  1 997)  FY  1 999  Military  Construaion  Project  Data  (Form  DD139I)  Projea 
Number  P-497,  Sewer  Outfall  Exter^sion,  Wastewater  Treatment  Plant  at  Fort  Kamehameha. 

^U.S.  Navy,  Pacific  Division,  Naval  Facilities  Engineering  Command  (April  1993)  Cost  Data  Book. 
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experience  with  project  costs,  City  Board  of  Water  Supply  (BWS)  and  the  Department  of 
Wastewater  Management  (DWM),'*  and  PWC  experience.  Capital  costs  were  adjusted  to  an 
FY  1998  basis.  All  future  costs  associated  with  each  alternative,  including  planning,  permitting, 
and  design  costs,  where  appropriate,  were  included.  Right-of-way  costs  were  not  included  because 
most  facilities  for  the  alternatives  are  on  Navy  or  Air  Force  land  and  it  was  assumed  that  standard 
real  estate  transactions  between  two  federal  agencies  would  be  used  to  develop  right-of-way 
agreements.  For  facilities  on  state-owned  land,  costs  of  right-of-way  acquisitions  were  not 
included,  as  the  areas  are  relatively  small. 

O&M  Costs 


Power  costs  were  based  on  current  Hawaiian  Electric  Company,  Inc.  (HECO)  rates.  Either  HECO 
Schedule  j  for  General  Service  Demand  or  HECO  Schedule  Pfor  Large  Power  Demand  were  used, 
whichever  yielded  the  lowest  net  power  cost.  Other  O&M  costs  were  based  on  PWC  cost 
experience,  discussions  with  equipment  manufacturers,  and  BWS  and  DWM  experience. 
Maintenance  and  other  costs  were  adjusted  to  an  FY  1998  basis. 

30-Year  Life-cvcie  Costs 

To  enable  a  comparison  between  the  alternatives,  a  30-year  life-cycle  cost  was  calculated  for  each. 
The  life-cycle  cost  includes  initial  capital  (construction)  costs  plus  the  present  worth  of  30  years 
of  annual  O&M  expenses.  In  calculating  the  present  worth  of  O&M  expenses,  a  discount  rate  of 
six  percent  was  used. 

For  the  reuse  alternative,  O&M  costs  and  30-year  life-cycle  costs  were  reduced  to  account  for 
projected  revenue  from  sale  of  the  reclaimed  water  at  the  current  rate  for  nonpotable  water. 

All  costs  presented  herein  are  planning  level  cost  estimates,  developed  for  comparison  purposes 
only,  and  are  not  intended  for  project  budgeting. 

2.2  Replacement  Outfall  (Proposed  Action) 

This  section  discusses  in  detail  the  proposed  action,  which  is  the  construction  and  operation  of 
a  replacement  outfall  to  provide  for  improved  ocean  disposal  of  the  effluent  from  the  WWTP  at 
Fort  Kamehameha.  The  existing  outfall  will  be  retained  for  backup  (emergency)  use. 

2.2.1  Receiving  Environment 

The  proposed  outfall  will  discharge  treated  effluent  from  the  WWTP  at  Fort  Kamehameha  into 
Open  Coastal  Waters,  as  defined  by  the  DOH,  to  the  south  and  east  of  the  Pearl  Harbor  Entrance 
Channel  (see  Figure  1 .2-1).  As  indicated  by  Figure  1 .6-1,  the  outfall  will  be  located  in  the  coastal 
waters  of  Mamala  Bay,  which  encompasses  the  southern  shore  of  Oahu  from  Diamond  Head  to 
Barbers  Point. 

2.2.2  Regulatory  Constraints  and  Requirements 

This  section  identifies  the  permits  and  other  regulatory  limitations  and  requirements  relevant  to 
the  proposed  action. 


“^This  information  was  acquired  prior  to  1998  reorganization  of  City  departments,  which  eliminated  the  DWM. 
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2.2.2. 1  Aquatic  Environment 

Section  402  of  the  CWA,  National  Pollutant  Discharge  Elimination  System  (NPDES)  individual 
permit  requirements,  is  the  basis  for  the  expired  permit  (No.  HI  01 10086)  which  authorizes  the 
existing  discharge  by  an  administrative  extension.  The  limits  of  the  revised  permit  are  expected 
to  become  more  stringent  if  the  discharge  remains  in  the  WQLS  of  Pearl  Harbor  Estuary,  and  to 
result  in  noncompliance  for  the  existing  discharge  (see  Section  2.1 .2.1  and  Appendix  I).  All  other 
rules  or  regulations  apply  to  the  construction  phase. 

A  Department  of  the  Army  (DA)  permit  will  be  required  from  the  U.S.  Army  Corps  of  Engineers 
(USAGE)  under  Section  404  of  the  CWA  and  Section  10  of  the  Rivers  and  Harbors  Act.  The  DA 
permit  will  also  be  required  to  satisfy  Section  103  of  the  Marine  Protection,  Research,  and 
Sanctuaries  Act  of  1972  (MPRSA),  if  dredged  material  is  to  be  transported  and  disposed  at  the 
USEPA-designated  South  Oahu  Ocean  Dredged  Material  Disposal  Site  (ODMDS). 

Compliance  with  other  laws  is  required  in  conjunction  with  the  DA  permit.  Those  applicable  to 
the  project,  discussed  elsewhere  in  Section  2.2.2,  include  the  Coastal  Zone  Management  (CZM) 
Act,  Endangered  Species  Act  (ESA),  National  Historic  Preservation  Act  (NHPA),  and  Marine 
Mammal  Protection  Act. 

Clean  Water  Act 

The  CWA  sections  applicable  to  the  proposed  action  are  summarized  below. 

Section  401  Water  Quality  Certification 

The  CWA  and  Hawaii  Revised  Statutes  Chapter  342D,  along  with  their  implementing  rules 
(33  Code  of  Federal  Regulations  [CFR],  320  through  330,  and  Hawaii  Administrative  Rules  [HAR] 
Title  1 1,  Chapter  54),  require  that  a  Section  401  Water  Quality  Certification  be  obtained  to  support 
federal  permits  or  approvals  (e.g..  Section  404  permit  from  the  USAGE)  for  which  proposed 
construction  or  operation  may  result  in  discharges  to  navigable  and/or  state  waters.  Applications 
must  be  filed  with  the  Clean  Water  Branch  of  the  DOH  at  least  1 80  days  before  the  date  the  Water 
Quality  Certification  is  needed.  A  Section  401  WaterQuality  Certification  will  be  required  for  this 
project. 

Section  402  NPDES  Permit  (Individual  and  General) 

Discharge  of  pollutants  into  surface  waters  of  the  U.S.  are  regulated  under  the  NPDES  program, 
pursuant  to  Section  402  of  the  CWA.  This  program  is  administered  by  the  State  of  Hawaii  DOH 
under  HAR  Title  11,  Chapter  55,  Water  Pollution  Control  (September  22,  1997).  This  chapter 
requires  submittal  of  an  NPDES  application  or  a  Notice  of  Intent  (NOI)  for  NPDES  general  permit 
coverage  for  the  following  actions: 

•  Discharge  of  pollutants, 

•  Substantial  alteration  of  the  quality  of  discharge,  and 

•  Substantial  increase  of  the  quantity  of  discharge. 

Two  State  NPDES  general  permits  may  apply  to  the  project.  These  include  a  general  permit  for 
discharges  to  surface  waters  associated  with  construction  activity  dewatering  and  for  discharges 
associated  with  hydrotesting.  Surface  water  discharge  of  dewatering  effluent  may  be  required 
during  trench  excavation  for  the  land  portion  of  the  outfall.  Discharges  of  hydrotesting  effluent  are 
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expected  when  the  new  pipe  integrity  is  being  tested.  NOIsfor  discharge  of  excavation  dewatering 
effluent  and  for  discharge  of  hydrotesting  water  should  be  filed  separately.  A  dewatering  plan,  a 
plan  for  treating  hydrotesting  effluent,  and  Best  Management  Prartices  (BMP)  plans  would  be 
required.  The  development  and  implementation  of  these  plans  would  be  part  of  the  permitting  and 
compliance  processes  for  NPDES  general  permit  coverage. 

An  NPDES  permit  for  storm  water  discharges  associated  with  construction  activities  will  not  be 
required  for  construction  of  the  proposed  outfall.  This  coverage  is  only  required  if  the  total  area 
to  be  disturbed  exceeds  2.02  ha  (5  ac).  Although  the  total  staging  area  for  the  proposed  project 
will  be  approximately  3.0  ha  (7.5  ac),  only  approximately  1 .6  ha  (4  ac)  is  unpaved  and  subject 
to  being  disturbed. 

During  operation  of  the  proposed  outfall,  the  discharge  of  pollutants  will  be  regulated  by  an 
NPDES  permit.  Monitoring  requirements  will  be  developed  in  cooperation  with  the  DOH,  Clean 
Water  Branch,  during  the  discharge  permit  process  under  HAR  Chapter  1 1-55.  The  permit  must 
be  granted  prior  to  operation  of  the  proposed  outfall. 

Section  404  CWA  Discharge  of  Dredged  or  Fill  Material  into  Navigable  Waters  of  the  U.S. 

Section  404  of  the  CWA  authorizes  the  Seaetary  of  the  Army  to  issue  permits  for  the  discharge 
of  dredged  or  fill  material  into  navigable  waters  at  a  specified  disposal  site.  A  permit  for  such  work 
must  be  obtained  through  the  USACE  in  the  form  of  a  DA  permit.  Because  the  proposed  action 
will  result  in  the  discharge  of  excavated  material  into  navigable  waters  of  the  U.S.,  it  will  be 
subject  to  the  provisions  and  permit  requirements  set  forth  in  Section  404.  Impacts  addressed  by 
these  provisions  and  permit  requirements  include  the  effects  of  turbidity  and  the  potential  for 
damage  to  living  corals  and  other  benthic  organisms.  A  DA  permit  will  be  obtained  for  this 
project. 

Marine  Protection,  Research,  and  Sanctuaries  Act 

The  MPRSA  regulates  ocean  dumping  activities.  Section  103  of  the  MPRSA  authorizes  the 
Secretary  of  the  Army  to  issue  permits  for  the  transportation  of  dredged  material  for  the  purpose 
of  disposal  into  ocean  waters.  Ocean  disposal  at  the  USEPA-designated  South  Oahu  ODMDS  of 
material  excavated  for  outfall  construction  is  contingent  upon  the  USAGE'S  determination  that  the 
material  is  suitable  for  ocean  disposal  (i.e.,  it  would  not  adversely  affect  the  marine  environment, 
ecological  systems,  economic  potentialities,  or  human  health,  welfare,  or  amenities).  This 
determination  requires  concurrence  of  the  USEPA.  Provisions  to  prevent  impacts  on  the  marine 
environment  will  be  incorporated  into  the  DA  permit. 

Water  Resources  and  Development  Act 

Section  506  of  the  Water  Resources  and  Development  Act  of  1 992  amends  Section  1 02(c)  of  the 
MPRSA  and  requires,  in  part,  that  a  site  management  plan  be  developed  for  each  designated  ocean 
disposal  site.  A  site  management  plan  is  required  to  include:  (1)  a  baseline  assessment  of 
conditions  at  the  site;  (2)  special  management  conditions  or  practices  to  be  implemented  at  the 
site  that  are  necessary  for  protection  of  the  environment;  (3)  consideration  of  the  quantity  of  the 
material  to  be  disposed  of  at  site,  and  the  presence,  nature,  and  bioavailability  of  the  contaminants 
in  the  material;  (4)  a  program  for  monitoring  the  site;  (5)  consideration  of  the  anticipated  use  of 
the  site  over  the  long  term,  including  any  need  for  management  of  the  site  after  the  closure;  and 
(6)  a  schedule  for  review  and  revision  of  the  plan.  A  site  management  plan  for  the  South  Oahu 
ODMDS  is  in  place. 
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Rivers  and  Harbors  Act 

Section  10  of  the  Rivers  and  Harbors  Act  of  1899  prohibits  the  obstruction  or  alteration  of 
navigable  waters  of  the  U.S.  and  alterations  or  modifications  of  the  course,  location,  condition, 
or  capacity  of  any  port,  harbor  or  refuge,  or  enclosure  within  the  limits  of  any  breakwater  or  of  the 
channel  of  any  navigable  water.  Under  this  statute,  work  or  structures  affecting  navigable  waters 
of  the  U.S.  are  permitted  if  it  is  recommended  by  the  Chief  of  Engineers  and  authorized  by  the 
Secretary  of  the  Army.  A  DA  permit  will  be  required  for  the  new  outfall  structure  and  for 
construction  activity  (including  barges  and  other  floating  equipment  that  would  be  located  in  the 
channel  during  construction). 

Underground  Injection  Control  Permit 

Dewatering  effluent  from  construction  activity  may  be  discharged  into  underground  injection 
wells.  Such  a  discharge  would  require  a  permit  under  HAR,  Title  1 1,  Chapter  23,  "Underground 
Injection  Control"  (UlC).  This  program  allows  wells  to  be  used  for  discharge  of  dewatering  effluent 
not  containing  gross  contamination.  Specific  well  siting,  water  quality  testing,  and  well 
abandonment  procedures  would  be  required  by  the  permit. 

2.2.2. 2  Navigation 

U.S.  Coast  Guard 

Construction  of  the  proposed  outfall  pipeline  in  the  Pearl  Harbor  Entrance  Channel  will  require 
use  of  barges  and  heavy  equipment  that  may  constitute  a  navigational  obstruction.  Therefore,  a 
Notice  to  Mariners  will  be  required.  The  U.S.  Coast  Guard  (USCG)  publishes  a  local  notice  to 
mariners  on  a  weekly  basis  warning  of  all  obstructions  and  potential  hazards  to  maritime 
navigation. 

A  written  notification  must  be  submitted  to  the  USCG  14  to  21  days  prior  to  commencement  of 
work.  The  notification  must  include;  (1)  a  chart  of  the  affected  dredgingarea;  (2)  identification  and 
size  of  vessels  involved;  (3)  contact  persons,  radio  frequencies,  and  phone  numbers;  and  (4)  hours 
of  operation  and  the  dates  and  time  period  of  construction. 

All  barges  and  floating  equipment  will  have  to  be  marked  and  lighted,  as  approved  by  the 
Commander,  14th  Coast  Guard  District,  in  compliance  with  Part  118  of  Title  33,  CFR. 

Federal  Aviation  Administration 

Outfall  construction  could  potentially  impact  the  flight  line  of  Honolulu  International  Airport's 
Reef  Runway  8R.  At  the  location  where  the  proposed  outfall  alignment  crosses  under  this  flight 
line,  the  bottom  of  the  flight  line  is  at  an  elevation  of  approximately  30  m  (100  ft).  Any  equipment 
that  extends  more  than  30  m  (100  ft)  above  mean  sea  level  (msl)  could  interfere  with  air  traffic. 
In  addition,  any  construction  activity  near  an  airport  is  subject  to  Federal  Aviation  Administration 
(FAA)  requirements.  A  Notice  of  Proposed  Construction  (permit  number  7460-1 )  must  be  obtained 
from  the  FAA's  Western  Pacific  Region  prior  to  commencement  of  construction.  The  FAA  will 
distribute  a  Notice  to  Airmen  (NOTAM)  warning  to  aircraft. 
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2.2.2.3  Protected  Species  and  Habitats 

Endangered  Species  Act 

The  ESA  of  1973  requires  proposed  actions  not  to  jeopardize  the  continued  existence  of  federally 
listed  (endangered  or  threatened)  plant  and  animal  species.  The  only  protected  species  known  to 
inhabit  or  occasionally  visit  the  project  area  are  the  threatened  green  sea  turtle  and  the  endangered 
Hawaiian  stilt.  The  U.S.  Fish  and  Wildlife  Service  (USFWS)  has  jurisdiction  over  endangered  and 
threatened  terrestrial  flora,  terrestrial  fauna,  and  birds.  The  National  Marine  Fisheries  Service 
(NMFS)  has  jurisdiction  over  threatened  and  endangered  species  that  are  exclusively  marine.  For 
listed  species  found  in  both  marine  and  terrestrial  habitats,  such  as  sea  turtles,  the  two  agencies 
share  responsibility  for  protection  and  enforcement.  The  only  protected  species  of  concern  under 
the  proposed  action  that  come  under  joint  jurisdiction  of  both  agencies  is  the  green  sea  turtle. 

Under  Section  7  of  the  ESA,  federal  agencies  are  required  to  consult  with  the  USFWS,  NMFS,  or 
both,  on  any  action  that  may  affect  an  endangered  or  threatened  species  or  results  in  the 
destruction  or  adverse  modification  of  critical  habitat  designated  for  such  species.  Informal 
Section  7  consultations  with  USFWS  and  NMFS  were  completed  in  1997.  Both  agencies 
concurred  that  it  is  not  likely  that  any  listed  species  or  designated  critical  habitat  would  be 
detrimentally  affected  by  the  construction  and  operation  of  the  proposed  outfall  (see 
Appendix  ll-m). 

In  October  1998,  two  objects  suspected  of  being  ordnance  items  were  observed  during  a  marine 
benthic  survey.  A  survey  of  the  outfall  alignment  for  ordnance  items  was  then  conducted  in  March 
and  April  1999.  During  this  survey,  one  projectile  was  observed  in  the  channel  adjacentto  the  reef 
flat  where  water  depths  range  from  7.6  to  1 7.1  m  (26  to  56  ft),  and  five  projectiles  were  observed 
at  the  diffuser  end  of  the  outfall.  Although  it  was  determined  by  Navy  Explosive  Ordnance 
Disposal  (EOD)  personnel  that  all  of  the  projectiles  were  safe  to  move  and  were,  in  fact, 
subsequently  removed  from  the  site,  there  is  potential  for  additional  ordnance  items  to  be 
encountered  during  the  construction  of  the  outfall.  Because  the  disposal  of  any  ordnance  item 
might  have  required  detonation  in  place,  which  could  have  adversely  affected  green  sea  turtles 
in  the  area,  formal  Section  7  consultation  with  NMFS  was  initiated  in  December  1 999.  However, 
the  Navy  has  decided  that  an  engineering  solution,  involving  minor  outfall  realignment  to  avoid 
disturbance  of  ordnance  items,  will  be  implemented,  in  the  unlikely  event  that  one  or  more 
ordnance  items  are  detected  within  the  established  construction  corridor  that  cannot  be  picked 
up  and  carried  away  (see  Section  2.2.4. 6).  This  engineering  solution  will  not  create  additional 
impacts  to  the  environment.  Thus,  the  need  for  in-place  detonation  of  ordnance  is  not  anticipated 
and  formal  Section  7  consultation  is  not  necessary.  If  it  becomes  apparent  during  project  execution 
that  in-place  detonation  of  ordnance  cannot  be  avoided,  the  Navy  will  reinitiate  formal  Section  7 
consultation  with  NMFS  prior  to  continuing  construction. 

Magnuson-Stevens  Act/Sustainable  Fisheries  Act 

The  Magnuson  Fishery  Conservation  and  Management  Act  (Magnuson  Act)  of  1976  established 
a  system  to  more  effectively  manage  and  utilize  marine  fishery  resources  in  the  United  States.  The 
act  was  amended  in  1986  and  1996.  The  1996  amendments  provided  additional  habitat 
protection.  The  re-named  Magnuson-Stevens  Act  (1 6  U.S.C.  1 855(b))  calls  for  direct  action  to  stop 
or  reverse  the  loss  of  marine  fish  habitat.  These  1 996  amendments  were  implemented  through  the 
Sustainable  Fisheries  Act  (Public  Law  104-297)  and  require  the  identification  of  habitats  essential 
to  managed  species.  Identified  habitats  must  be  conserved  or  enhanced.  The  Regional  Fishery 
Management  Councils,  in  conjunction  with  the  NMFS,  perform  this  work. 
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The  Magnuson-Stevens  Act  defines  Essential  Fish  Habitat  (EFH)  as  "...those  waters  and  substrate 
necessary  to  fish  for  spawning,  breeding,  feeding,  or  growth  to  maturity."  Habitat  Areas  of 
Particular  Concern  (HAPC)  are  areas  within  EFH,  which  are  deemed  to  be  particularly  important 
or  sensitive. 

Federal  agencies  are  required  to  consult  with  the  NMFS  on  actions,  or  proposed  actions, 
permitted,  funded,  or  undertaken  by  the  agency  that  may  adversely  affect  EFH.  Only  species 
managed  under  a  federal  Fishery  Management  Plan  (FMP)  are  covered.  The  Hawaiian  Islands  are 
under  the  jurisdiction  of  the  Western  Pacific  Regional  Fishery  Management  Council  (WPRFMC). 
The  WPRFMC  has  finalized  and  issued  four  amended  FMPs,  which  designate  EFH  and  HAPC  for 
62  species.  The  proposed  action  is  not  expected  to  impact  any  designated  EFH  or  HAPC.  In  a  letter 
dated  November  19,  1999,  NMFS  concurred  that  the  proposed  action  is  not  likely  to  adversely 
affect  any  EFH  within  or  adjacent  to  the  project  area.  Correspondence  pertinent  to  the  EFH 
consultation  is  provided  in  Appendix  ll-m. 

Marine  Mammal  Protection  Act 

Marine  mammals  and  their  habitat  are  protected  under  the  Marine  Mammal  Protection  Act  of 
1972.  Under  this  Act,  it  is  unlawful  to  harass,  hunt,  capture,  or  kill  marine  mammals,  and  to 
import  marine  mammals  or  marine  mammal  products  without  a  permit  from  either  the  Secretary 
of  the  Interior  or  the  Secretary  of  Commerce,  depending  on  the  species  of  the  marine  mammal 
involved.  Such  permits  may  be  issued  only  for  purposes  of  scientific  research  and  for  public 
display  if  the  purpose  is  consistent  with  the  policies  of  the  Act.  No  harm  to  marine  mammals  or 
their  habitat  is  anticipated  as  a  result  of  the  proposed  action. 

Coral  Reef  Protection 

Under  Executive  Order  13089,  Coral  Reef  Protection,  dated  June  11,  1998,  federal  agencies  are 
required  to  identify  their  actions  that  may  affect  U.S.  coral  reef  ecosystems,  protect  and  enhance 
the  conditions  of  coral  reef  ecosystems,  and  to  the  extent  permitted  by  law,  ensure  that  actions 
they  authorize,  fund,  or  carry  out  will  not  degrade  the  conditions  of  coral  reef  ecosystems.  It  is 
Navy  policy  to  comply  with  Executive  Order  1 3089  and  to  emphasize  special  considerations  for 
coral  reef  protection  and  associated  mitigation  measures  in  the  final  environmental  documentation 
of  cases  where  significant  adverse  impact  is  likely.®  In  order  to  comply  with  this  Executive  Order, 
the  alignment  of  the  proposed  outfall  has  been  designed  to  avoid  existing  coral  communities  to 
the  maximum  extent  practicable.  Although  it  is  not  always  possible  to  avoid  coral  entirely,  the 
impacts  upon  the  reef  ecosystem  are  minimized  by  the  selected  outfall  alignment  and  appropriate 
construction  methods. 

Protection  of  Migratory  Birds 

Executive  Order  13186,  Responsibilities  of  Federal  Agencies  to  Protect  Migratory  Birds,  dated 
January  10,  2001,  requires  federal  agencies  taking  actions  that  have,  or  are  likely  to  have,  a 
measurable  negative  effect  on  migratory  bird  populations  to  develop  and  implement  a 
Memorandum  of  Understanding  with  the  USFWS  that  promotes  the  conservation  of  migratory  bird 
populations.  Construction  activities  for  the  proposed  action  have  the  potential  to  impact  migratory 
birds  that  frequent  the  project  area.  The  outfall  alignment  has  been  designed  to  avoid  areas  where 
migratory  birds  are  known  to  rest  and  forage. 


’Department  of  the  Navy  letter  number  5090,  Ser  N45D/80589139,  dated  December  4,1 998,  from  Chief  of  Naval  Operations 
regarding  Coral  Reef  Protection  Policy. 
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Protection  of  Wetlands 

Executive  Order  1 1 990,  Protection  of  Wetlands,  dated  May  24, 1 977,  directs  federal  agencies  to 
avoid  long-term  and  short-term  adverse  impacts  associated  with  the  destruction  or  modification 
of  wetlands  and  to  avoid  direct  or  indirect  support  of  new  construction  in  wetlands.  Construction 
activities  for  the  proposed  action  have  the  potential  to  damage  wetland  areas.  Construction  staging 
areas  have  been  delineated  to  avoid  designated  wetland  areas. 

2.2.2A  Cultural  Resources 

National  Historic  Preservation  Act 

The  project  is  being  carried  out  in  accordance  with  Section  106  of  the  NHPA  of  1966,  as 
amended,  and  36  CFR  800  (implementing  regulations).  Section  1 06  requires  federal  agencies  to 
consider  the  effects  of  their  actions  on  historic  properties  and  provide  the  Advisory  Council  on 
Historic  Preservation  a  reasonable  opportunity  to  comment.  Section  106  applies  to  those 
properties  listed  in  the  National  Register  of  Historic  Places,  as  well  as  to  properties  that  meet 
specified  eligibility  criteria,  as  defined  in  36  CFR  60.4.  The  Navy  consulted  with  the  State  Historic 
Preservation  Officer  (SHPO)  in  the  Department  of  Land  and  Natural  Resources  (DLNR)  as  it 
developed  means  to  avoid,  reduce,  or  mitigate  any  potentially  detrimental  effects.  In  a  letter  dated 
January  6,  1998,  the  SHPO  concurred  with  the  Navy's  determination  that  the  proposed  project 
will  have  "no  effect"  on  historic  properties  (see  Appendix  ll-m). 

Native  American  Graves  Protection  and  Repatriation  Act 

The  project  is  being  conducted  in  compliance  with  the  Native  American  Graves  Protection  and 
Repatriation  Act  (NAGPRA).  Signed  into  law  in  1990,  NAGPRA  is  intended  to  protect  Native 
American  (including  Native  Hawaiian)  graves.  The  Act  also  provides  for  the  inventory  and 
repatriation  of  Native  American  human  remains  and  associated  funerary  objects  and  addresses  the 
conditions  and  circumstances  when  Intentional  Excavation  and  Removal  of  Native  American 
Human  Remains  and  Objects  is  permitted.  Regulations  providing  procedures  are  found  at  43  CFR 
10.3.  If  Hawaiian  burials  are  encountered,  NAGPRA  requires  consultation  with  appropriate  Native 
Hawaiian  organizations,  such  as  the  Office  of  Hawaiian  Affairs  and  Hui  Malama  I  Na  Kupuna  O 
Hawaii  Nei.  The  Oahu  Burial  Council  within  the  DLNR  may  also  be  consulted.  It  is  unlikely  that 
the  proposed  action  will  impact  Hawaiian  burials. 

2.2.2.5  Coastal  Zone  Management 

The  Hawaii  CZM  program,  which  has  been  approved  by  the  U.S.  Department  of  Commerce,  is 
administered  by  the  Department  of  Business,  Economic  Development  and  Tourism  (DBEDT). 
Under  the  law,  federal  actions  that  are  reasonably  likely  to  affect  any  land  or  water  use  or  natural 
resource  of  the  coastal  zone  must  be  consistent  with  the  state's  CZM  program.  The  "coastal  zone" 
in  Hawaii  encompasses  all  lands  and  waters,  exceptfor  areas  under  federal  ownership  or  exclusive 
control.  Although  the  proposed  action  is  located  entirely  within  federal  property,  the  potential 
exists  for  spillover  effects  to  impact  nonfederal  areas.  Therefore,  a  consistency  determination  was 
filed  in  compliance  with  the  National  Coastal  Zone  Management  Act  of  1972  (Public  Law  92-583), 
as  amended.  The  response  from  DBEDT  and  Navy's  reply  letter  are  provided  in  Appendix  ll-m. 
The  proposed  action  is  consistent  with  the  state's  CZM  program. 
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2.2.2.6  Socioeconomics 

Environmental  Justice  for  Minority  and  Low-Income  Populations 

Executive  Order  1 2898,  Federal  Actions  to  Address  Environmental  Justice  in  Minority  Populations 
and  Low-Income  Populations,  issued  February  11, 1994,  requires  federal  agencies  to  identify  and 
address,  as  appropriate,  the  potential  for  disproportionately  high  and  adverse  environmental  effects 
of  their  actions  on  minority  and  low-income  populations.  The  proposed  action  will  not 
disproportionately  affect  either  minority  or  low-income  populations. 

2.2.3  Physical  Description  of  the  Proposed  Outfall 

The  proposed  outfall  will  be  a  107-centimeter  (cm)  (42-inch)-diameter  pipe,  extending  3.9  km 
(2.4  mi)  from  the  WWTP  effluent  pump  station  to  a  depth  of  46  m  (1 50  ft),  where  it  will  terminate 
in  a  200-m  (656-ft)-long  diffuser.  The  preferred  alignment  for  construction  of  the  new  outfall  is 
shown  in  Figure  2.2-1 . 

For  a  diffuser  to  function  properly  it  must  be  horizontal  to  ensure  that  water  pressure  outside  each 
port  will  be  the  same.  In  addition,  the  alignment  of  the  diffuser  should  be  approximately  parallel 
to  the  sea  floor  contours  to  reduce  distance  above  the  bottom  and  for  associated  structural 
requirements. 

2.2.3. 1  Diffuser  Length  and  Depth 

Two  potential  diffuser  depths  were  considered  for  the  proposed  outfall;  21  m  (70  ft)  and  46  m 
(150  ft).  At  each  depth,  four  diffuser  lengths,  100  m  (328  ft),  200  m  (656  ft),  300  m  (984  ft),  and 
400  m  (1,310  ft),  were  considered.  The  depths  were  chosen  based  upon  the  bathymetry  and 
characteristics  of  the  sea  floor  in  the  region  of  the  proposed  diffuser.  A  description  of  sea  floor 
characteristics  is  provided  in  Section  3.4  of  this  document.  The  sea  floor  is  somewhat  less  steep 
and  relatively  more  stable  at  21  m  (70  ft)  and  46  m  (1 50  ft)  than  at  depths  in  between  or  at  depths 
greater  than  approximately  51  m  (167  ft)  (see  Figure  1.4-1).  Below  21  m  (70  ft),  the  bottom  is 
covered  with  sand.  The  46-m  (150-ft)  depth  was  considered  to  be  a  viable  location  for  diffuser 
construction  due  to  the  milder  slopes  and  apparent  relative  stability  of  the  sand.  Diffuser 
construction  on  the  steeper  slopes  at  intermediate  and  greater  depths,  characterized  by  loose, 
coarse  sand,  would  be  more  costly  and  would  threaten  the  long-term  structural  and  functional 
stability  of  the  diffuser.  Observations  of  the  steeper  slopes  suggest  that  large  south  swells  shift  sand 
on  the  steep  slopes.  The  City  has  experienced  problems  with  migrating  sand  piling  against  the 
diffuser  of  the  Sand  Island  Outfall,  which  they  own  and  operate.^  Effluent  dilution  was  modeled 
for  the  four  diffuser  lengths  at  both  depths.  The  model  provided  initial  dilution,^  plume  rise,  and 
the  horizontal  distance  required  to  achieve  dilution  ratios  of  500:1  and  1000:1  at  the  water's 
surface.®  Based  on  the  initial  results,  two  options  were  selected  for  detailed  plume  modeling:  a 
400-m  (l,310-ft)-long  diffuser  at  the  21-m  (70-ft)  depth  and  a  200-m  (656-ft)-long  diffuser  at  the 
46-m  (150-ft)  depth.  Modeling  results  for  these  two  diffuser  options  are  presented  in  Table  2.2-1 
for  both  summer  and  winter  water  density  stratification  conditions,  which  vary  due  to  summer 
heating  of  the  water  surface.  For  each  diffuser,  the  plumes  are  categorized  into  surfacing  or 
submerged  during  both  winter  and  summer.  The  model  indicates  that,  during  summer,  the  plume 


^Sea  Engineering ,  Inc.  (March  1996)  MCON  Project  P-497:  Oceanographic  Study  for  Outfall  Extension  for  Wastewater 
Treatment  Plant  at  Fort  Kamehameha. 

^Initial  dilution  is  the  dilution  ratio  at  the  top  of  the  rising  plume. 

®Sea  Engineering ,  Inc.  (March  1996). 


2-20 


Final  Environmental  Impact  Statement 

Outfall  Replacement  for  WWTP  at  Fort  Kamehameha 


Proposed  Action  and  Alternatives 
March  2001 


Table  2.2-1 

Effluent  Plume  Modeling  Results  for  46-m  (150-ft) 
and  21-m  (70-ft)  Diffuser  Depths* 


Frequency  of 
Occurrence 
(%  of  time) 

Lowest  Initial 
Dilution 

Highest  Initial 
Dilution 

Average  Initial 
Dilution 

Average  Plume 
Rise  Height 
in  m  <ft) 

Season 

Plume 

Type 

46  m  . 
(150  ft) 

21  m 
(70  ft) 

46  m 
(150  ft) 

21  m 
(70  ft) 

46  m 
(150  ft) 

21m  ; 
(70  ft) 

46  m 
(150  ft) 

21  m 
(70  ft) 

46  m 
(156  ft) 

21  m 
(70  ft) 

Winter 

Submerged 

28.6 

0.4 

126:1 

215:1 

1,504:1 

757:1 

487:1 

527:1 

34.8 

(114) 

17.8 

(58) 

Surfacing 

71.4 

99.6 

346:1 

211:1 

1,878:1 

1,178:1 

564:1 

417:1 

46 

(150) 

21 

(70) 

Total 

100.0 

100.0 

Summer 

Submerged 

53.5 

4.8 

111:1 

124:1 

1,602:1 

941:1 

402:1 

428:1 

30.0 

(98) 

15.3 

(50) 

Surfacing 

46.5 

95.2 

342:1 

208:1 

1,922:1 

1,243:1 

571:1 

432:1 

46 

(150) 

21 

(70) 

Total 

100.0 

100.0 

•The  46-m  (150-ft)-deep  diffuser  is  200  m  (656  ft)  long;  the  21-m  (70-ft)-deep  diffuser  is  400  m  (1,310  ft)  long. 


from  the  46-m  (1 50-ft)-deep  diffuser  would  surface  46.5  percent  of  the  time  with  an  average  initial 
dilution  of  571:1.  During  winter,  it  would  surface  71.4  percent  of  the  time  with  an  average  initial 
dilution  of  564:1 .  The  21-m  {70-ft)-deep  diffuser  would  surface  95.2  percent  of  the  time  during 
summer  with  an  average  initial  dilution  of  432:1,  and  99.6  percent  of  the  time  during  winter  with 
an  average  initial  dilution  of  417:1. 

Based  on  the  reduced  occurrence  of  a  surfacing  plume  and  the  greater  dilutions  available  when 
the  plume  does  surface,  the  46-m  (150-ft)  depth  was  selected  as  the  preferred  diffuser  depth. 
Because  only  marginal  benefits  were  projected  by  the  initial  modeling  for  the  400-m  (1,310-ft) 
diffuser  at  this  depth,  200  m  (656  ft)  was  selected  as  the  preferred  diffuser  length.  The  estimated 
ZOM  for  this  diffuser,  based  upon  nitrate  -t-  nitrite  nitrogen  as  the  limiting  parameter,  is 
approximately  910  m  (2,980  ft)  long  and  750  m  (2,460  ft)  wide  with  an  approximate  area  of  68  ha 
(1 68  ac).  It  is  much  smaller  than  the  existingZOM,  which  covers  an  area  of  approximately  267  ha 
(600  ac)  (see  Figure  1 .2-1),  so  it  will  affect  less  of  the  marine  environment. 

2.23.2  Outfall  Alignment 

The  preferred  outfall  alignment  follows  the  same  general  alignment  as  the  trenchless  corridor 
discussed  in  the  DEIS,  with  modifications  to  avoid  soft  soils  and  areas  of  living  coral. 

Figure  1 .4-1  depicts  the  variousalignments  considered.  The  areas  that  areavoided  bythe  preferred 
alignment  include: 

•  An  area  extending  approximately  600  m  (2,000  ft)  along  the  Pearl  Harbor  Entrance  Channel, 
where  the  reef  edge  forms  an  "inlet"  or  "bight"  along  the  channel  wall,  consisting  of  very 
deep,  fine,  unconsolidated  soils  that  would  be  unsuitable  for  support  of  the  outfall  pipe. 
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•  Areas  of  living  coral  that  are  concentrated  in  zones  on  the  reef  fiat  and  channel  wall  and  are 
also  located  sporadically  on  the  ocean  bottom  seaward  of  the  channel. 

After  design  analysis,  site-specific  investigation  of  both  benthic  and  subsurface  conditions,  and 
consideration  of  construction  methods,  selection  of  the  preferred  alignment  was  based  upon  the 
following  criteria: 

•  Constructability, 

•  Construction  cost, 

•  Minimum  potential  impacts  upon  the  benthic  community  of  the  reef  flat  and  reef  slope 
offshore  of  Fort  Kamehameha  (with  emphasis  placed  upon  protection  of  living  coral), 

•  Minimum  potential  impacts  upon  the  bird  habitat  of  the  sand  islets  within  the  shallow  reef 
area, 

•  Minimum  potential  disruption  to  marine  navigation,  and 

•  Long-term  stability  and  reliability  of  the  proposed  outfall. 

The  preferred  alignment  crosses  the  submerged  sand  bars  to  the  west  of  the  two  sand  islets,  similar 
to  alignment  option  2.  It  then  circumvents  an  area  of  established  coral  growth  and  the  bight  area 
of  poor  soils  to  join  the  original  alignment  along  the  eastern  edge  of  the  Pearl  Harbor  Entrance 
Channel  south  of  the  bight.  The  alignment  within  the  channel  was  moved  to  the  bottom  of  the 
channel  slope,  where  corals  are  not  present,  but  it  remains  outside  the  navigational  channel  itself. 
The  preferred  alignment  will  be  easier  and  less  costly  to  construct  than  other  possible  alignments 
across  the  shallow  reef  flat,  because  it  maximizes  the  length  of  outfall  across  the  relatively  barren 
part  of  the  reef  flat.  The  bottom  of  the  Pearl  Harbor  Entrance  Channel  along  the  preferred 
alignment  is  of  predominantly  coarser  grained  material,  which  would  be  more  suitable  for  ocean 
disposal  after  trenching.  Considerable  silt  deposits  exist  in  the  bottom  of  the  channel  along  the 
north  end  of  alignment  option  1 The  reef  flat  and  slope  have  areas  with  concentrations  of  living 
coral  growth  on  the  shallows  and  along  the  upper  portions  of  the  channel  wall  which  are  largely 
avoided  by  the  preferred  alignment  (see  Figure  1 .4-1 ). 

Although  alignment  options  1,  2,  and  3  would  cross  the  reef  flat  more  directly  to  the  entrance 
channel,  all  three  are  impractical  due  to  the  inability  of  the  soft  soils  in  the  bight  area  to  support 
the  outfall  pipe.  Also,  alignment  option  1  would  cross  an  area  of  silt  deposits  at  the  bottom  of  the 
inner  portion  of  the  Pearl  Harbor  Entrance  Channel,  and  alignment  option  2  would  cross  an  area 
of  substantial  living  coral. 

A  fourth  alignment  option,  similar  to  alignment  option  3  but  circumventing  the  bight  area  of  soft 
soils,  was  considered  (see  Figure  1 .4-1,  alignment  option  4).  This  alignment  was  rejected  after  the 
detailed  investigation,  because  a  strip  of  well-established  coral  growth  was  observed  along  the 
northern  portion  of  the  shoreward  edge  of  the  bight.  As  a  result,  the  alignment  could  not  be 
adequately  adjusted  to  avoid  a  portion  of  this  coral  bed. 

A  potential  alignment  across  the  Pearl  Harbor  Entrance  Channel  to  a  diffuser  location  west  of  the 
channel  was  dismissed  early  in  the  planning  phase  of  this  project  because  of  the  risk  of  fouling  and 
damage  from  a  ship's  anchor  and  the  hazards  imposed  by  channel  dredging  activities.  The 
possibility  of  aligning  the  outfall  overland  through  Hickam  Air  Force  Base  (AFB)  was  also 
eliminated  in  the  early  planning  phase  due  to  the  high  potential  for  encountering  cultural 
resources  and  disturbing  the  existing  residential  area. 


®Sea  Engineering,  Inc.  (March  1996). 
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2.2.4  Construction  Methodology 

Two  methods  of  outfall  construction  are  considered  for  this  project:  open  trenching  and  trenchless 
technology.  Although  open  trenching  is  considered  a  standard  construction  methodology,  more 
recently  developed  trenchless  technologies  are  also  considered  because  they  potentially  offer 
some  advantages  over  open  trenching  for  all  or  part  of  the  outfall  installation.  A  brief  description 
of  these  methods,  including  advantages  and  disadvantages,  is  presented  in  the  following 
subsections.  The  preferred  construction  plan,  configured  to  reduce  both  environmental  impacts 
and  costs,  involves  a  combination  of  the  two  technologies. 

2.2.4.1  Open  Trenching  Method 

Portions  of  the  alignment  will  be  constructed  using  open  trenching.  The  shallow  reef  flat  and 
deeper  channel  portions  of  the  route  will  be  constructed  in  this  manner,  using  land-based  and 
barge-based  excavation  methods,  respectively.  A  typical  section  for  open-trench  construction  is 
shown  in  Figure  2.2-2. 

At  depths  of  less  than  about  1  m  (3  ft),  large  rubber-tired  or  tracked  equipment  will  be  used  across 
the  reef  flat  in  a  construction  corridor.  No  open-trench  construction  will  occur  on  the  reef  flat  in 
water  depths  averaging  greater  than  about  1  m  (3  ft).  For  excavation  of  harder  material,  some  form 
of  impact  excavation,  such  asspudding,  which  involves  repeated  droppingof  a  hard,  heavy  object 
to  break  the  material  for  excavation,  may  be  used.  In  waters  deep  enough  for  barge  work, 
excavation  will  be  accomplished  by  floating  equipment. 

Construction  Across  the  Reef  Flat 

Open  trenching  across  the  shallow  portion  of  the  reef  flat  will  be  accomplished  with  large 
rubber-tired  or  tracked  excavation  and  hauling  equipment.  A  haul  route  adjacent  to  the  trench  will 
be  built  up  with  excavated  native  material  topped  with  matting.  An  additional  access  route  may 
be  provided  for  construction  of  the  southern  portion  of  the  trench  section  on  the  reef  flat.  This 
route  (see  also  Section  2. 2.4. 6  and  unpaved  road  location  on  Figure  2.2-6)  would  access  the  reef 
between  the  Fort  Kamehameha  housing  district  and  the  Fort  Kamehameha  wetlands  at  a  location 
that  has  previously  been  used  for  vehicular  access  to  the  reef.  The  alignment  of  this  access  across 
the  reef  has  been  inspected  and  is  barren  of  living  coral.  A  construction  corridor  approximately 
30  m  (100  ft)  wide  along  the  trench  alignment  and  6  m  (20  ft)  wide  along  the  southern  access 
route  will  be  established,  within  which  ail  vehicle  operation  and  excavation  will  be  confined.  Silt 
curtains  will  be  placed  around  the  construction  corridor  to  reduce  sediment  transport  beyond  the 
corridor.  The  107-cm  (42-inch)-diameter  outfall  pipe  will  be  placed  in  bedding  gravels  within  a 
trench  approximately  3  m  (10  ft)  deep  and  protected  with  tremie  concrete  or  articulated  concrete 
mats.  The  top  0.3  m  (1  ft)  will  be  backfilled  with  native  material  or  coral  sand.  The  surfacing 
material  along  the  haul  routes  will  be  removed  and  the  surface  restored  to  approximately  original 
contours  after  construction. 

Construction  in  the  Pearl  Harbor  Entrance  Channel 

Where  the  outfall  alignment  follows  the  edge  of  the  Pearl  Harbor  Entrance  Channel,  the  pipe  will 
be  placed  in  a  trench  approximately  2  to  3  m  (7  tol  0  ft)  deep  (beneath  anticipated  future  dredging 
limits)  and  protected  by  tremie  con  Crete  or  articulated  concrete  mats.  Construction  in  this  area  will 
be  performed  from  barges. 
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Construction  Through  the  Rock  Area 

From  the  seaward  end  of  the  Pearl  Harbor  Entrance  Channel  to  the  20-m  (66-ft)  depth,  a  distance 
of  approximately  700  m  (2,270  ft),  the  sea  floor  consists  of  limestone  and  coral  rubble.  Spudding, 
a  type  of  impact  excavation,  may  be  necessary  for  excavation  of  the  hard  coral  rock.  The  pipe  will 
be  placed  in  a  trench  approximately  2  to  3  m  (7  to!  0  ft)  deep  and  protected  with  tremie  concrete 
or  articulated  concrete  mats.  Construction  in  this  area  will  also  be  performed  from  barges. 

Advantages  and  Disadvantages  of  Open  Trenching 

Open  trenching  has  the  following  advantages: 

•  It  costs  less  than  trenchless  construction  for  excavations  less  than  5  m  (1 6  ft)  deep. 

•  Excavation  and  removal  of  material  can  often  be  performed  by  conventional  equipment. 

•  It  is  less  susceptible  to  subsurface  uncertainties  and  obstructions  (spudding  can  be  used  for 
removal  of  hard  rock). 

Disadvantages  of  open  trenching  include  the  following: 

•  Spudding,  which  is  slow  and  costly,  may  be  required  to  trench  through  areas  of  hard  rock  (this 
is  included  in  the  cost  estimate  presented  in  Section  2.2.6). 

•  Large  areas  (approximately  30  m  by  1,400  m  [100  ft  by  4,600  ft],  or  4.2  ha  [10.4  ac]  or 
approximately  6  percent)  of  the  shallow  reef  flat  will  be  disturbed  by  the  construction  corridor. 

•  Stability  of  trench  sides  may  be  poor,  depending  on  the  subsurface  soil  conditions. 

•  Approximately  one  third  of  the  width  of  the  Pearl  Harbor  Entrance  Channel  could  be 
temporarily  closed  to  shipping  traffic  during  construction  in  the  channel;  this  would  only  affect 
the  passage  of  aircraft  carriers,  as  discussed  in  Section  4.9. 

•  Open  trench  construction  causes  more  water  column  turbidity  and  resulting  sedimentation 
than  trenchless  methods. 

•  Open  trench  construction  produces  a  larger  quantity  of  excavated  material  for  disposal  than 
trenchless  methods. 

•  Trench  access  is  difficult  in  waters  of  intermediate  depth  (1  to  4  m  [3  to  13  ft]). 

2.2.4.2  Trenchless  Construction  Methods 

Two  trenchless  pipe  installation  techniques,  microtunneling  and  horizontal  directional  drilling, 
were  evaluated  for  this  project.  Microtunneling  is  a  pipe-jacking  technique  that  uses  a  remote 
controlled  tunnel-boring  machine  to  excavate,  while  at  the  same  time  pipe  is  installed  behind  the 
machine  by  pipe  jacking  from  a  jacking  pit.  Microtunneling  can  only  be  used  for  a  straight  pipe 
alignment  and  profile.  The  accuracy  of  this  method  is  good  when  properly  executed. 

Horizontal  directional  drilling  is  a  technique  that  uses  a  guided  bit  to  drill  a  hole  that  is 
subsequently  enlarged  by  back  reaming  (if  needed).  When  the  hole  has  reached  the  required  size, 
the  pipe  is  pulled  into  the  hole  in  a  single  operation.  Directional  drilling  produces  a  pipeline 
profile  that  is  curved  but  may  have  straight  sections.  The  alignment,  therefore,  may  be  either 
curved  or  straight;  however,  a  straight  alignment  is  preferred.  Because  the  accuracy  of  this  method 
is  less  than  that  of  the  microtunneling  method,  and  because  it  is  important  to  maintain  a  negative 
slope  for  the  entire  length  of  the  outfall,  horizontal  directional  drilling  was  eliminated  from 
consideration  for  this  project. 
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Because  miaotunneling  is  not  suitable  for  direct  installation  of  high-density  polyethylene  (HOPE) 
pipe,  either  a  steel  casing  would  need  to  be  installed  and  the  HOPE  pipe  placed  inside  the  casing, 
or  another  pipe  material  would  need  to  be  used  for  the  microtunneled  portion  of  the  outfall.  For 
the  steel  casing  method,  the  annulus  between  the  pipes  would  need  to  be  grouted.  To  directly 
install  the  outfall  pipe  by  microtunneling,  concrete,  steel,  or  fiberglass  pipe  would  need  to  be 
used.  Microtunneling  requires  a  number  of  access  pits  with  horizontal  dimensions  ranging  from 
4  to  9  m  (13  to  30  ft). 

Because  miaotunneling  is  more  susceptible  to  variations  in  subsurface  conditions,  careful 
geotechnical  evaluation  and  alignment  selertion  are  required.  Additional  geotechnical  evaluation, 
performed  since  publication  of  the  DEIS,  has  indicated  that  microtunneling  is  a  feasible 
construction  method  for  outfall  installation  on  the  reef  flat.  A  conceptual  microtunneling  jacking 
pit  on  the  reef  flat  is  shown  on  Figure  2.2-3. 

Advantages  and  Disadvantages  of  Trenchless  Methods 

Advantages  of  trenchless  pipe  installation  methods  include  the  following: 

•  The  impart  upon  the  shallow  reef  flat  is  reduced  relative  to  open  trenching  because  the  area 
of  open  excavation  is  small. 

•  Construction  in  the  intermediate  depth  zone  (from  1  to  4  m  [3  to  1 3  ft]),  which  is  too  deep  for 
land-based  equipment  to  function  efficiently  and  too  shallow  for  barge-based  construction 
without  excavating  a  barge  channel,  is  facilitated. 

•  Less  sediment  is  suspended  in  the  water  column  than  by  open  trenching. 

•  The  excavated  volume  of  material  requiring  disposal  is  reduced. 

The  disadvantages  identified  for  microtunneling  a  portion  of  the  outfall  installation  include  the 
following: 

•  Greater  geotechnical  investigation,  design,  and  construction  planning  efforts  are  required  to 
reduce  the  risks  associated  with  subsurface  uncertainties. 

•  Obstructions,  if  encountered,  may  need  to  be  removed  by  surface  excavation  methods,  similar 
to  but  deeper  than  open  trenching. 

•  Access  to  jacking  and  receiving  pits  is  required.  Jacking  pits  require  a  larger  equipment  and 
materials  staging  area  for  construction  activities  than  receiving  pits. 

•  Drilling  mud  requires  separation  from  excavated  material  for  return  and  reuse  at  the  drill  head. 

•  Unit-length  costs  for  microtunneling  at  depths  less  than  5  m  (16  ft)  are  higher  than  unit-length 
costs  for  open  trenching. 

2.2.4.3  Pile-Supported  Piping  in  the  Sandy  Zone 

Neither  open  trench  nor  trenchless  methods  of  pipe  burial  would  be  suitable  for  construction  of 
the  outfall  through  the  steeper  sandy  section,  from  the  20-m  (66-ft)  to  the  46-m  (1 50-ft)  depths. 
Construction  of  the  outfall  in  this  section  will  require  the  installation  of  piles  to  stabilize  and 
support  the  pipe.  The  pipe  will  be  secured  to  underlying  pile  caps  and  tie-beams  constructed  just 
above  the  surface  of  the  sea  floor.  This  approach  will  facilitate  installation  of  the  pipe,  as  well  as 
any  future  repairs  that  may  be  required  in  the  event  that  the  pipe  is  damaged.  The  section  of  the 
outfall  including  the  diffuser,  located  in  the  sandy  area  deeper  than  40  m  (1 30  ft)  where  slopes 
are  less  steep,  may  also  be  constructed  by  this  method  to  secure  the  diffuser  and  prevent  sand  from 
piling  against  it  and  potentially  impairing  its  performance. 
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2.2AA  Connection  to  Existing  Outfall 

One  of  the  last  items  of  construction  will  be  the  connection  of  the  new  outfall  to  the  existing 
outfall  so  that  treated  effluent  may  flow  through  the  existing  outfall  in  emergency  situations.  The 
connection  will  be  made  by  removing  an  existing  blind  flange  at  the  75-cm  (30-inch)  check  valve 
in  the  existing  effluent  discharge  manifold  and  installing  a  prefabricated  transition  section  which 
will  connect  to  the  new  outfall  pipe.  Sections  of  the  existing  piping  immediately  upstream  and 
downstream  of  the  connection  point  will  be  exposed  and  the  pipe  trench  prepared.  The 
connection  will  be  made  during  low  tide  when  the  WWTP  is  experiencing  a  low  flow  period.  It 
will  probably  be  necessary  to  dewater  the  land  portion  of  the  trench. 

2.2A.5  Excavated  Material  Disposal 

Because  the  proposed  outfall  alignment  avoids  areas  of  recent  sedimentation,  the  excavated 
material  is  expected  to  be  free  of  trace  pollutants  such  as  chlorinated  hydrocarbons  and  heavy 
metals.  Material  excavated  from  the  shallow  reef  flat  will  be  reused  or  disposed  as  follows: 

•  Some  material  will  be  used  for  building  up  the  temporary  construction  access  road  along  the 
trench. 

•  Some  material  will  be  dewatered  for  storage  and  reused  as  backfill  for  the  trench  and/or  access 
pits. 

•  Excess  excavated  material  may  be  disposed  at  an  USEPA-designated  South  Oahu  ODMDS,  if 
authorized  by  the  USAGE  after  analysis  of  the  material,  under  Section  1 03  of  the  MPRSA,  or 
it  may  be  dewatered  for  land  disposal. 

For  open-trench  and  microtunneling  construction,  approximately  45,000  cubic  meters  (m^) 
(59,000  cubic  yards  [yd^])  of  material  will  be  excavated  from  the  reef  flat.  Assuming  approximately 
30  m  (100  ft)  of  trench  would  be  open  at  once,  approximately  450  m^  (589  yd^)  would  need  to 
be  stockpiled  at  any  one  time.  Material  excavated  in  the  deeper  areas  using  barge-mounted 
equipment  will  be  side  cast  or  disposed  at  an  approved  site,  depending  upon  the  regulatory 
decision  of  the  USAGE. 

Disposal  of  approximately  1 8,264  m^  (23,890  yd^)  and  about  1 0,543  m^  (1 3,790  yd^)  of  excavated 
material  from  the  reef  flat  and  the  outer  portion  of  the  channel,  respectively,  at  the  South  Oahu 
ODMDS  has  been  proposed.  The  South  Oahu  ODMDS  received  final  designation  as  a  deep-ocean 
site  for  disposal  of  dredged  materials  following  a  Final  EIS  published  by  the  USEPAin  1980.’°  The 
South  Oahu  ODMDS  is  located  about  5.6  km  (3.5  mi)  south  of  Pearl  Harbor. 

The  dredged  material  has  been  evaluated  as  part  of  the  DA  permit  application  process.  Substrate 
at  the  South  Oahu  ODMDS,  as  described  in  past  studies,”  was  compared  to  the  material  proposed 
for  disposal.  It  was  determined  that  the  proposed  dredged  material  is  substantially  the  same  as  the 
substrate  at  the  proposed  disposal  site.  In  addition,  the  site  of  proposed  dredged  material  was 
determined  to  be  far  removed  from  known  or  potential  sources  of  contamination,  due  to  the 
absence  of  mechanisms  which  aid  in  the  migration  of  pollutants  from  the  nearest  sources  to  the 
reef  flat  or  outer  channel.  Thus,  there  is  reasonable  assurance  that  the  material  has  not  been 


'“Department  of  the  Army  (undated)  Special  Joint  Public  Notice  Site  Management  Plan  (SMP)  for  the  Hawaiian  Ocean 
Dredged  Material  Disposal  Sites. 

”M.E.  Torresan,  M.A.  Hamption,  M.H.  Gowen,  j.H.  Barber,  Jr,,  L.L  Zink,  T.E.  Chase,  F.L.  Wong,  jX  Gann,  and  P.  DartneN 
(undated)  Final  Report:  Acoustic  Mapping  of  Dredged  Material  Disposal  Sites  and  Deposits  in  Mamala  Bay,  Honolulu,  Hawaii. 
USGS  Open-File  Report  95-1 7;  U.S.  Environmental  Protection  Agency  (1 980)  Final  Environmental  Impact  Statement  (EIS)  for  Hawaii 
Dredged  Material  Disposal  Sites  Designation. 
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contaminated  by  such  pollution.’^  Based  on  this  information,  the  dredged  material  appears  to  be 
suitable  for  disposal  at  the  South  Oahu  ODMDS. 

2.2.4.6  Specific  Outfall  Construction  Methods 

As  discussed  in  Section  2.2.4,  the  proposed  outfall  will  be  constructed  using  both  open  trenching 
and  trenchless  construction  methods.  The  portions  of  the  outfall  alignment  where  each 
construction  method  will  be  used  are  shown  in  Figure  2.2-4.  The  total  construction  duration  is 
expected  to  be  approximately  two  years,  assuming  concurrent  construction  activities  along  the 
outfall.  Construction  activities  along  the  length  of  the  outfall  are  summarized  below: 

•  Land-based  trenching  will  occur  on  the  shallow  reef  flat  using  large  rubber-tired  or  tracked 
excavation  and  hauling  equipment.  A  haul  route  adjacent  to  the  trench  will  be  composed  of 
excavated  native  material  topped  with  matting.  A  construction  corridor  approximately  30  m 
(100  ft)  wide  will  be  established  along  the  trench  alignment  and  surrounded  by  silt  curtains 
to  reduce  sediment  transport.  An  additional  access  route  may  be  provided  for  construction  of 
the  southern  portion  of  the  trench  section  on  the  reef  flat  (see  Figure  2.2-6).  Excavated 
materials  will  be  used  for  building  up  the  construction  access  route  along  the  trench, 
dewatered  for  storage  ashore,  and  reused  as  backfill  for  the  trench.  Excess  material  will  be 
disposed  at  an  USEPA-approved  ocean  disposal  site,  if  authorized  by  permit,  or  dewatered  for 
land  disposal.  Construction  of  this  section  will  last  approximately  nine  months. 

•  Microtunnelingwill  be  usedtoconstructthe  seaward  portion  ofthe  outfall  on  the  shallow  reef 
flat.  A  jacking  pit  and  two  receiving  pits  will  be  required  for  the  miaotunneling  activities.  A 
construction  barge  accessway  from  the  Pearl  Ftarbor  Entrance  Channel  to  the  jacking  pit  will 
be  required  for  movement  of  equipment  and  excavated  material.  Excavated  materials  will  be 
separated  from  the  drilling  mud  slurry,  dewatered  for  storage,  and  reused  as  backfill  for  the 
access  pits.  Excess  material  will  be  disposed  at  the  South  Oahu  ODMDS,  if  authorized  by 
permit,  or  dewatered  for  land  disposal.  Construction  of  the  microtunneled  section  is 
anticipated  to  last  approximately  five  months. 

•  Open  trenching  methods  will  be  used  for  construction  ofthe  outfall  along  the  edge  ofthe  Pearl 
Harbor  Entrance  Channel  and  for  the  section  ofthe  outfall  from  the  seaward  end  ofthe  Pearl 
Harbor  Entrance  Channel  to  the  20-m  (66-ft)  depth.  Construction  activities  in  this  area  will  be 
performed  from  barges.  Sea-floor  disturbance  wi  1 1  be  confi  ned  to  an  estabi  ished  30-m  (1 00-ft)- 
wide  construction  corridor.  Excavated  materials  will  be  side  cast  for  backfill  or  disposed  at  the 
South  Oahu  ODMDS.  Construction  of  this  section  will  take  approximately  13  months. 

•  Construction  of  the  outfall  through  the  steeper  sandy  section  and  the  diffuser  on  the  sloping, 
sandy  bench,  from  the  20-m  (66-ft)  to  the  46-m  (150-ft)  depths,  requires  the  installation  of 
piles  to  stabilize  and  support  the  pipe.  The  pipe  will  be  secured  to  underlying  pile  caps  and 
tie-beams  constructed  just  above  the  surface  of  the  sea  floor.  Sea-floor  disturbance  will  be 
confined  to  an  established  30-m  (lOO-ft)-wide  construction  corridor.  Outfall  construction  in 
the  sandy  area  will  take  approximately  three  months. 

•  The  construction  contractor  will  be  required  to  perform  an  independent  visual  survey  for 
ordnance  items  prior  to  commencement  of  work  within  the  construction  corridor  using  a 
diving  unexploded  ordnance  specialist.  In  addition,  the  contractor  will  be  required  to  scan  the 


^^Department  ofthe  Navy  (December  1998)  Evaluation  of  Proposed  Dredged  Material  Outfall  Replacement  for  Wastewater 
Treatment  Plant  at  Fort  Kamehameha,  Navy  Public  Works  Center,  Pearl  Harbor,  Hawaii. 
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pile  driving  location  prior  to  start  of  pile  driving.  In  the  unlikely  event  that  one  or  more 
ordnance  items  are  detected  within  the  established  construction  corridor,  the  contractor  will 
cease  construction  activities  and  notify  the  construction  management  engineer  or  his 
representative,  who  will  in  turn  notify  the  appropriate  Navy  personnel  in  accordance  with 
Commander  in  Chief  Pacific  Fleet  Instruction  8027.1  N.  Navy  EOD  personnel  will  perform 
a  site  investigation.  If  it  is  determined  that  the  ordnance  items  cannot  be  safely  picked  up  and 
carried  away,  an  engineering  solution  will  be  implemented  to  avoid  in-place  detonation  of 
ordnance.  A  portion  of  the  outfall  will  be  realigned  around  the  ordnance.  The  realigned 
portion  of  the  outfall  will  be  located  within  the  construction  corridor  and  all  construction 
activities  will  be  confined  to  the  corridor.  Realignment  techniques  include,  but  are  not  limited 
to,  utilizing  the  bending  radius  properties  of  the  HOPE  pipe  to  provide  the  necessary  clearance 
from  the  ordnance.  The  realignment  technique  and  specific  construction  methods  to  be  used 
will  be  proposed  by  the  contractor  for  Navy  approval. 

2.2.4.7  Construction  Staging 

Construction  staging  and  dewatering  areas  are  needed  to  provide  the  contractor  with  sufficient 
space  to  store  construction  materials  and  equipment,  perform  equipment  maintenance  operations, 
construction  office  and  workers'  parking.  The  proposed  construction  staging  and  dewatering  areas 
are  located  near  the  WWTP  as  shown  on  Figure  2.2-5.  It  is  estimated  that  a  total  of  approximately 
3  ha  (7.5  ac)  will  be  required  for  staging  and  dewatering,  which  will  accommodate  both  open 
trenching  and  microtunneling  requirements.  Staging  areas  may  require  fencing  for  security  and 
safety  reasons. 

A  dewatering  area  will  be  used  to  dry  excavated  material  before  temporary  storage  or  for  land- 
based  disposal,  if  required.  As  indicated  in  Section  2.2.4.5,  dewatering  may  be  needed  for  the 
land-based  portion  of  the  work.  Disposal  of  dewatering  effluent  will  be  by  percolation  and 
evaporation.  Should  these  methods  be  insufficient,  they  will  be  augmented  with  subsurface 
injection  or  surface  discharge.  Should  underground  injection  or  discharge  to  surface  waters  be 
required  for  disposal  of  dewatering  effluent,  permits  for  such  disposal  actions  will  be  obtained  by 
the  contractor  prior  to  discharge. 

The  construction  staging  area  will  provide  a  location  for  parking  and  maintaining  construction 
equipment  and  for  storage  of  repair  parts,  fuels,  lubricants,  and  fluids.  It  also  will  provide  space 
for  receiving,  storing,  preparing,  and  dispatching  construaion  materials,  and  for  related 
administration.  Water  craft  supporting  the  construction  effort  will  use  the  water  area  adjacent  to 
the  staging  area  north  of  the  WWTP  for  temporary  mooring  and  to  load  construaion  materials. 
This  staging  area  is  also  the  site  for  a  barge  loading  facility  for  excavated  material.  If  the  contraaor 
uses  the  staging  area  for  storage  of  fuels,  lubricants,  or  automotive  fluids,  a  spill  prevention, 
control  and  countermeasures  plan  will  be  required  for  that  storage.  Whether  the  contraaor  uses 
on-site  petroleum  oil  lubricant  storage  or  a  vehicle  servicing  truck  from  off-site,  all  vehicle 
servicing  will  be  performed  in  the  staging  area,  not  on  the  reef  flat  or  adjacent  shoreline  areas. 
Projea  specifications  will  require  the  contractor  to  have  an  emergency  response  plan  for  releases 
to  the  water,  and  to  stage  the  necessary  equipment  and  materials  to  implement  the  response. 

To  accommodate  hauling  of  excess  excavated  material  aaoss  the  reef  flat  (for  disposal),  a  reef 
access  route  on  an  unpaved  road  south  of  the  Fort  Kamehameha  housing  (as  shown  on 
Figure  2.2-6)  maybe  used.  This  would  reduce  hauling  distances  and  construaion  traffic  on  thereof 
flat  fronting  the  Fort  Kamehameha  housing  area  during  construaion  of  the  southern  open-trench 
section  on  the  reef  flat.  This  alignment  has  been  inspeaed  and  is  barren  of  coral.  The  shoreline 
access  point  is  through  a  small  park  with  an  unpaved  road.  The  unpaved  road  extends  from  the 


2-32 


642.0200/001-7  k3/15/01 


V/ 


BARGE  - 
LOADING  FACILITY 


WWTP  AT  FORT - 
KAMEHAMEHA 

JURISDICTIONAL - 
WETLAND 


POTENTIAL  OUTFALL 
CONSTRUCTION  STAGING 
AREAS 


DEWATERING 

AREA 


EXISTING - 
OUTFALL 


PROPOSED 

OUTFALL 


Battery 

Hasbrouck* 


% 


PEARL 

HARBOR 

ENTRANCE 

CHANNEL 


Source:  USGS  Pearl  Harbor  Hawaii  Quadrangle  7.5  minute  Topographic  Series,  1983 

Air  Force  Center  for  Environmentai  Exceilence  (June  1997)  Finallntegrated 
Natural  Resources  Manangment  Plar)  for  Hickam  AFB,  Oahu;  Bellows  AFS, 
Oahu;  Hickam  POL  Pipeline,  Oahu;  KaalaAFS,  Oahu;  Kaena  Point  STS, 
Oahu;  Kokee  AFS,  Kauai;  and  Palehua  Solar  Obsenratory,  Oahu  (15th  Air 
Base  Wing  Installations). 


JURISDICTIONAL - 
/WETLANDS 

//-//  >5 


SCALE  IN  FEET 

0  40  80  120  160  200m 


‘Battery  Hasbrouck  is  part  of  the 
historic  Battery  District  as  discussed 
in  Section  3.6.2. 


NORTH  SCALE  IN  METERS 


Figure  2.2-5 

POTENTIAL  OUTFALL  CONSTRUCTION 
STAGING  &  DEWATERING  AREAS 

EIS  for  Outfall  Replacement,  WWTP  at  Fort  Kamehameha 

March  2001 


Final  Environmental  Impact  Statement 

Outfall  Replacement  for  WWTP  at  Fort  Kamehameha 


Proposed  Action  and  Alternatives 
March  2001 


existing  hard  surface  road  (to  Hickam  Harbor)  to  the  shore.  The  unpaved  access  road  is 
approximately  90  m  (295  ft)  long  by  1 5  m  (50  ft)  wide  and  crosses  over  a  60-cm  (24-inch)  diameter 
drainage  pipe.  Excavated  material  requiring  dewatering  for  land  disposal  or  for  storage  could  be 
hauled  to  the  construction  staging  areas  either  along  the  outfall  alignment  or  by  the  reef  access 
route.  Existing  paved  roads  would  be  used  to  move  materials  to  the  appropriate  staging  and 
dewatering  area  or  to  the  barge  loading  area. 

For  ocean  disposal,  a  temporary  barge  loading  facility  for  transfer  of  excavated  material  may  be 
constructed  at  the  staging  area  north  of  the  WWTP  or  at  an  optional  site  located  along  the  western 
shoreline  of  Hickam  Harbor  in  an  area  not  frequently  used  for  recreational  activities  (see 
Figure  2.2-6).  Material  bound  for  the  ocean  disposal  site  from  the  surface  trench  on  the  reef  flat 
would  be  hauled  directly  to  the  barge  loading  facility  and  deposited  into  a  barge  approximately 
48  m  (1 50  ft)  long  which  will  be  towed  by  a  tug  boat.  The  barge  will  make  one  trip  a  day  to  the 
South  Oahu  ODMDS  to  dispose  of  the  excavated  material.  Temporary  storage  of  excavated 
material  at  either  of  the  barge  loading  sites  would  not  be  allowed.  The  staging  area  north  of  the 
WWTP  has  arock  rubble  bulkhead  and  very  little  living  coral.  At  the  optional  Hickam  Harbor  site, 
a  ledge  of  coral  rock  extends  seaward  of  the  wall  approximately  1 .8  to  3  m  (6  to  1 0  ft),  over  which 
the  loading  ramp  would  be  constructed  in  order  to  load  materials  into  the  barge.  There  is  no  living 
coral  at  this  site.  At  either  location,  a  loading  ramp  consisting  of  metal  plates  built  on  a  temporary 
foundation  over  the  existing  seawall  and  on  temporary  pilings  over  the  seaward  side  of  the  wall 
would  be  required.  Also,  at  either  location,  temporary  piles  and  buoys  would  be  placed  for 
breasting  and  mooring  the  barge.  At  the  end  of  each  day's  hauling  activities,  the  contractor  will 
clean  the  haul  route.  The  entire  barge  facility  will  be  removed  upon  completion  of  the  project  and 
the  area,  including  access  roads,  restored  to  original  condition. 

The  construction  staging  and  dewatering  areas,  the  areas  under  consideration  for  barge  loading 
facilities,  and  the  paved  and  unpaved  roads  in  the  area  are  under  control  of  the  U.S.  Air  Force. 
Permission  will  be  obtained  from  the  Air  Force  through  a  real  estate  license  or  easement  for  the 
temporary  use  of  these  parcels.  This  license  will  provide  for  utility  hook-up  on  a  reimbursable 
basis.  The  contract  specifications  will  include  requirements  for  the  contractor  to  water  all 
excavated  material ,  stockpi  les,  and  dirt  roads  as  required  for  dust  control,  to  prevent  unintentional 
deposition  of  excavated  materials  on  roadways,  and  to  provide  for  spill  control  and  emergency 
response.  These  specifications  will  stipulate  that  all  work  support  areas  must  be  restored  to  their 
pre-existing  condition  following  use. 

2.2.5  Routine  Operations  and  Maintenance 

Routine  outfall  operation  will  consistof  ensuring  that  the  effluent  pumps  are  activated  as  required 
by  flow  and  tidal  conditions.  Related  operations  include  monitoring  the  receiving  waters  in 
accordance  with  the  permit  requirements. 

Routine  outfall  maintenance  will  consist  of  maintaining  the  effluent  pump  station  and  control 
system.  The  outfall  pipe  will  have  no  routine  maintenance  requirements. 

2.2.6  Construction,  Operations,  and  Maintenance  Costs 

The  following  sections  summarize  cost  estimates  for  construction  and  O&M  of  the  outfall  and 
provide  a  30-year  life-cycle  cost  for  comparison  with  the  other  alternatives. 
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2.2.6.1  Construction 

Construction  costs  for  the  proposed  outfall  are  provided  in  Table  2.2-2. 

Table  2.2-2 

Construction  Costs  for  Proposed  Outfall 


Construction  Method 

Unit  Cost 

Unit 

Quantity 

Incremental  Cost 

Mobilization  /  Demobilization 

$1,570,000 

lump  sum 

1 

$1,570,000 

Land-based  Trenching  (shallow  reef 
flat) 

2,434 

(742) 

meters 

(feet) 

1,600 

(5,250) 

3,894,000 

Microtunneling  (shallow  reef  flat) 

7,720 

(2,354) 

meters 

(feet) 

650 

(2,133) 

5,018,000 

Barge-based  Trenching  in  Ship 
Channel 

3,931 

(1,198) 

meters 

(feet) 

ffii 

4,324,000 

Deep  Water  Trenching  and  Pile- 
Supported  Pipe  (including  diffuser) 

9,306 

(2,837) 

meters 

(feet) 

550 

(1,804) 

5,118,000 

Pile  Test  Program 

352,000 

lump  sum 

1 

352,000 

Total  Construction  Cost 

$20,276,000 

2.2.6.2  Operations  and  Maintenance 

O&M  costs  for  the  proposed  outfall  will  include  those  for  the  effluent  pump  station,  receiving 
water  quality  monitoring,  biennial  inspections  of  the  outfall,  and  diffuser  repair,  as  needed. 
Because  repair  needs  are  difficult  to  project,  these  costs  are  based  upon  complete  replacement  of 
the  diffuser  piping  mid-way  through  the  life  cycle  of  the  outfall  (year  15).  These  costs  are 
summarized  in  Table  2.2-3. 


2.2.6.3  Life-Cycle  Cost 

The  life-cycle  cost,  based  upon  a  30-year  life  cycle,  is  calculated  in  current  dollars  without 
inflation.  The  life-cycle  cost  for  the  proposed  outfall  consists  of  the  capital  cost  of  construction  plus 
the  present  value  of  the  annual  O&M  costs.  The  life-cycle  cost  is  presented  in  Table  2.2-4. 

2.2.7  Feasibility  of  Outfall  Replacement 

This  alternative  is  cost  competitive  and  feasible  to  procure,  construct,  and  operate  with  existing 
and  anticipated  future  regulations.  There  are  no  significant  environmental  impacts  that  cannot  be 
mitigated.  This  alternative  is  carried  forward  for  a  more  detailed  comparison  of  impacts  in 
Chapter  4. 
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Table  2.2-3 

Annual  Operation  and  Maintenance  Costs  for  the  Proposed  Outfall 


Activity 

Quantity  Unit 

Rate*  ■ : 

Incremental 

Effluent  Pump  Station  Electricity 

1 2  months/year 

$2, 600/month 

$31,200 

Effluent  Pump  Station  O&M 

20  worker-days/year 

270  f$/worker-day) 

5,400 

Receiving  Water  Quality  Sampling 

20  worker-days/year 

270  ($/worker-day) 

5,400 

Receiving  Water  Quality  Analysis 

12  worker-months/year 

2,325  ($/worker-month) 

27,900 

Outfall  Inspection 

Once  every  2nd  year 

$10,000  lump  sum 

5,000 

Outfall  Repair  (replace  diffuser) 

Once  at  year  1 5 

$677,000  lump  sum 
(  =  $20, 500/year  over 
30  years) 

20,500 

Total  Annual  O&M  Cost 

$95,400 

*The  daily  rate  is  based  on  a  contract  rate  that  includes  benefits  and  overhead. 

Table  2.2-4 

Cost  Summary  for  the  Proposed  Action 


System 

Component 

Capital/ 

Construction 

Cost 

Annual  O&M 
Cost 

Present  Value  of  O&M 
Cost  for  30  Years 

3Q-Year  Life- 
cycle  Cost 

Proposed  Outfall 

$20,300,000 

$95,400 

$1,313,000 

$21,613,000 

2.3  Underground  Injection 

Effluent  from  the  WWTP  at  Fort  Kamehameha  could  be  disposed  using  underground  injection 
wells.  Underground  injection  is  practiced  in  some  regions  of  the  mainland  U.S.  In  Hawaii,  it  is 
typically  used  as  a  backup  effluent  disposal  method,  except  for  smaller  facilities  (approximately 
3,785  mVday  [1  mgd]  and  less),  such  as  the  City's  Kahuku  WWTP  and  Waimanalo  WWTP. 
Underground  injection  has  not  been  used  as  the  primary  effluent  disposal  method  in  Hawaii  for 
a  facility  the  size  of  the  WWTP  at  Fort  Kamehameha  (49,000  mVday  [1 3  mgd]). 

Aquifers  in  the  vicinity  of  the  WWTP  at  Fort  Kamehameha  are  brackish  and  are  not  used  as  potable 
water  sources.  The  estimated  30-year  life-cycle  cost  of  an  underground  injection  system  is 
$34.9  million.  Although  the  life-cycle  cost  of  underground  injection  is  of  the  same  order  of 
magnitude  as  the  cost  of  the  proposed  action,  the  method  may  not  be  as  reliable  as  ocean  disposal 
because  injection  wells  are  often  prone  to  clogging  from  suspended  and  dissolved  solids  and  from 
bacterial  growth.  In  addition,  this  alternative  has  the  potential  to  disturb  archaeological  and/or 
human  burial  sites  likely  to  exist  in  the  vicinity  of  the  project. 
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2.3.1  Receiving  Environment 

Treated  wastewater  from  the  WWTP  at  Fort  Kamehameha  would  be  injected  into  the  caprock 
which  underlies  the  area  (see  Section  3.3.3).  The  caprock  provides  a  confining  cap  for  deeper 
volcanic  units.'^  Caprock  water  is  generally  brackish.’'* 

The  permeability  of  the  calcareous  layers  of  the  caprock  is  extremely  variable.  In  karstic  reef 
limestone,  the  permeability  can  be  6,000  meters  per  day  (m/day)  (20,000  feet  per  day  [ft/day])  and 
higher.  In  contrast,  in  areas  of  lagoonal  deposition,  the  permeability  of  calcareous  material  can  be 
as  low  as  several  meters  per  day.  The  intervening  mud  layers  have  permeabilities  of  a  small 
fraction  of  a  meter  per  day.  They  generally  function  as  aquicludes,  hydraulically  separating  the 
coral  layers  above  and  below  the  mud.  Typical  permeabilities  oftheunderlyingvolcanicrocks  are 
likely  to  be  in  the  range  of  300  to  1,500  m/day  (1,000  to  5,000  ft/day)  (Appendix  III). 

On  the  Ewa  Plain  to  the  west  of  the  Pearl  Harbor  Entrance  Channel,  the  uppermost  limestone  layer 
of  the  caprock  contains  brackish  groundwater  in  a  basal  lens.  It  is  a  significant  source  of  irrigation 
supply  for  golf  courses  and  landscaping. 

A  second  underlying  limestone  layer  is  used  for  wastewater  disposal  by  several  cogeneration 
power  plants.  Injection  rates  vary  from  2,700  to  more  than  16,000  mVday  (0.7  to  more  than 

4.2  mgd).  Because  caprock  on  the  east  side  of  the  Pearl  Harbor  Entrance  Channel  has  not  been 
used  for  extensive  irrigation  or  for  wastewater  disposal,  very  little  is  known  about  its  hydraulic 
properties.'^  It  is  assumed,  however,  that  a  similar  layer  would  exist  under  the  WWTP  at  Fort 
Kamehameha. 

Although  the  caprock  under  Fort  Kamehameha  confines  the  deeper  Waimalu  basal  aquifer,  a 
major  source  of  drinking  water  on  Oahu,  injection  into  the  caprock  aquifer  should  not  impact 
potable  supply  wells.  Groundwater  generally  flows  from  basal  aquifers  to  caprock  aquifers.’® 

2.3.2  Regulatory  Constraints  and  Requirements 

2.3.2. 1  Injection  Well  Siting^  Construction,  and  Operation 

Clean  Water  Act 

Section  404  CWA  Discharge  of  Dredged  or  Fill  Material  into  Navigable  Waters  of  the  U.S. 

Section  404  of  the  CWA  authorizes  the  Secretary  of  the  Arnny  to  issue  permits  for  the  discharge 
of  dredged  or  fill  material  into  jurisdictional  wetlands.  A  permit  for  such  work  must  be  obtained 
through  the  USAGE  in  the  form  of  a  DA  permit  If  the  construction  of  the  underground  injection 
wells  results  in  the  discharge  of  excavated  material  into  a  jurisdictional  wetlands,  it  will  be  subject 
to  the  provisions  and  permit  requirements  set  forth  in  Section  404.  A  DA  permit  will  be  obtained, 
if  required. 


’^Gordon  A.  Macdonald,  Agatin  T.  Abbott,  and  Frank  L.  Peterson  (1986)  Volcanoes  in  the  Sea:  The  Geology  of  Hawaii. 

^^F.M.  Visher  and  J.F.  Mink  (1964)  Groundwater  Resources  in  Southern  Oahu.  U.S.  Geological  Survey  Water  Supply  Paper 
1778. 

’^George  A.  L.  Yuen  &  Assoc.,  Inc.  (May  1988)  Review  and  Re-evaluation  of  Groundwater  Conditions  in  the  Pearl  Harbor 
Groundwater  Control  Area,  Oahu,  Hawaii.  Prepared  for  the  State  of  Hawaii,  Commission  on  Water  Resource  Management.  Hawaii 
Department  of  Land  and  Natural  Resources  Report  R-78. 

’^George  A.L.  Yuen  &  Assoc.,  Inc.  (March  1989)  Groundwater  Resources  and  Sustainable  Yield,  Ewa  Caprock  Aquifer. 
Prepared  for  the  State  of  Hawaii,  Commission  on  Water  Resource  Management.  Hawaii  Department  of  Land  and  Natural  Resources 
Report  R-79. 
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Underground  Injection  Control 

Underground  injection  of  treated  effluent  from  the  WWTP  at  Fort  Kamehameha  would  be 
regulated  under  HAR  Title  11,  Chapter  23,  "Underground  Injection  Control"  (UIC).  Under 
HAR  1 1-23,  wastewater  injection  wells  for  the  WWTP  at  Fort  Kamehameha  would  inject  into  an 
"exempted"  aquifer,  which  the  DOH  has  excluded  as  an  underground  source  of  drinking  water. 
The  DOH's  UIC  line  defines  exempted  aquifers.  Specific  requirements  for  injection  wells  at  the 
WWTP  at  Fort  Kamehameha  are  as  follows: 

•  Siting.  Wells  must  be  located  at  least  400  m  (0.25  mi)  from  any  potable  water  source  located 
inland  of  the  UIC  line  and  800  m  (0.5  mi)  from  any  potable  water  source  seaward  of  the  UIC 
line.  The  nearest  potable  supply  wells  drawing  from  the  Pearl  Harbor  aquifer  system  are 
located  over  3  km  (1 .9  mi)  from  the  WWTP  at  Fort  Kamehameha.’^ 

•  Design  and  Construction.  Underground  injection  wells  must  be  designed  in  accordance  with 
their  intended  use  and  the  BWS's  "Water  System  Standards"  (1985).  A  UIC  permit  must  be 
obtained  from  the  DOH  for  construction  of  each  injection  well.'® 

•  Operation.  An  operating  permit  must  be  obtained  from  the  DOH  for  the  wells,  and  detailed 
operational  records  must  be  kept. 

Although  not  an  applicable  regulation  on  federal  lands,  HAR  11-62,  "Wastewater  Systems," 
provides  design  criteria  for  wastewater  effluent  injection  well  system  capacities.  HAR  11-62 
indicates  that  subsurface  disposal  systems  should  have  a  primary  disposal  component  and  at  least 
a  100  percent  backup  disposal  component.  Both  the  primary  and  back  up  components  should 
have  a  capacity  equal  to  the  peak  WWTP  wet  weather  discharge,  as  determined  by  the  Babbitt 
maximum  factor.'®  This  factor  is  approximately  1 .8  for  an  average  flow  of  49,000  mVday,  so  the 
resulting  peak  flow  is  approximately  88,000  mVday.  An  underground  injection  well  system  for  the 
WWTP  at  Fort  Kamehameha  would  need  a  total  capacity  of  approximately  1 76,000  mVday. 

2.3.2.2  Navigation 

Federal  Aviation  Administration 

Injection  wells  may  be  drilled  in  the  flight  line  of  Honolulu  International  Airport's  Reef  Runway. 
Maximum  height  of  any  structure  in  the  area  proposed  for  injection  wells  is  30  m  (98  ft)  to  prevent 
flight  line  obstruction.  Drilling  rigs  will  be  shorter  than  30  m  (98  ft),  and  the  top  of  the  drilling  rigs 
will  need  to  be  flagged  and  lighted.  Additionally,  a  Notice  of  Proposed  Construction  (permit 
number  7460-1)  would  be  required  from  the  FAA's  Western  Pacific  Region.  The  FAA  would  then 
distribute  a  NOTAM  warning  to  aircraft  using  the  airport. 


'^State  of  Hawaii,  Department  of  Health 
’®State  of  Hawaii,  Department  of  Health 
Injection  Control. 

’^State  of  Hawaii,  Department  of  Health 
Systems. 


(no  date)  Underground  Injection  Control  Maps,  Pearl  Harbor  and  Waipahu,  Hawaii. 
(September  1992)  Hawaii  Administrative  Rules,  Title  11,  Chapter  23,  Underground 

(August  1991)  Hawaii  Administrative  Rules,  Title  11,  Chapter  62,  Wastewater 


2-39 


Final  Environmental  Impact  Statement 

Outfall  Replacement  for  WWTP  at  Fort  Kamehameha 


Proposed  action  and  Alternatives 
March  2001 


23.2.3  Protected  Species  and  Habitats 

Endangered  Species  Act 

Injection  well  construction  activities,  which  would  be  in  developed  areas,  are  not  anticipated  to 
jeopardize  the  continued  existence  of  any  endangered  or  threatened  species.  The  ESA  of  1973 
requires  that  the  USFWS,  the  NMFS,  or  both  agencies,  be  consulted  when  proposed  federal 
actions  may  affect  threatened  or  endangered  species  or  result  in  the  destruction  or  adverse 
modification  of  critical  habitat  designated  for  such  species. 

Magnuson-Stevens  Act/Sustainabie  Fisheries  Act 

Injection  well  construction  activities  are  not  expected  to  impact  any  designated  EFH  or  HAPC.  The 
Magnuson-Stevens  Act  requires  that  the  NMFS  be  consulted  when  a  proposed  federal  action  may 
adversely  affect  EFH  or  HAPC. 

Protection  of  Migratory  Birds 

Executive  Order  13186,  Responsibilities  of  Federal  Agencies  to  Protect  Migratory  Birds,  dated 
January  10,  2001,  requires  federal  agencies  taking  actions  that  have,  or  are  likely  to  have,  a 
measurable  negative  effect  on  migratory  bird  populations  to  develop  and  implement  a 
Memorandum  of  Understanding  with  the  USFWS  that  promotes  theconservationof  migratory  bird 
populations.  Construction  activities  for  the  underground  injection  alternative  could  potentially 
impact  migratory  bird  habitat,  depending  on  the  site  location. 

Protection  of  Wetlands 

Executive  Order  11990,  dated  May  24,  1977,  directs  federal  agencies  to  avoid  long-term  and 
short-term  adverse  impacts  associated  with  the  destruction  or  modification  of  wetlands  and  to 
avoid  direct  or  indirect  support  of  new  construction  in  wetlands.  Construction  activities  associated 
with  the  underground  injection  alternative  have  the  potential  to  impact  wetland  areas,  depending 
on  the  site  location. 

2.3.2.4  Cultural  Resources 

National  Historic  Preservation  Act 

The  NHPA  of  1966  requires  federal  agencies  to  consider  the  effects  of  their  actions  on  historic 
sites.  The  SHPO  in  the  DLNR  would  need  to  be  consulted  to  determine  means  to  avoid,  reduce 
or  mitigate  adverse  effects  on  historic  sites.  Construction  activities  associated  with  the 
underground  injection  alternative  have  the  potential  to  impact  historic  sites,  depending  on  the  site 
location. 

Native  American  Graves  Protection  and  Repatriation  Act 

Signed  into  law  in  1990,  NAGPRA  is  intended  to  protect  Native  American  (including  Native 
Hawaiian)  graves.  It  provides  for  the  inventory  and  repatriation  of  Native  American  human 
remains  and  associated  funerary  objects  and  addresses  the  conditions  and  circumstances  when 
Intentional  Excavation  and  Removal  of  Native  American  Human  Remains  and  Objects  is 
permitted.  Regulations  providing  procedures  are  found  at  43  CFR  10.3.  If  Hawaiian  burials  are 
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encountered,  NAGPRA  requires  consultations  with  appropriate  Native  Hawaiian  organizations. 
There  is  a  possibility  of  encountering  human  burials  and  other  cultural  deposits  during 
construction  activities  associated  with  the  underground  injection  alternative. 

23.2.5  Coastal  Zone  Management 

The  Hawaii  CZM  program,  which  has  been  approved  by  the  U.S.  Department  of  Commerce,  is 
administered  by  DBEDT.  Although  the  state's  CZM  program  does  not  apply  to  lands  and  waters 
under  federal  ownership  or  exclusive  control,  consistency  with  the  state's  CZM  program  would 
be  required  due  to  potential  spillover  effects  of  underground  injection  to  nonfederal  areas.  A 
consistency  determination  would  be  required  for  the  underground  injection  alternative. 

2.3.2.6  Socioeconomics 

Environmental  Justice  for  Minority  and  Low-Income  Populations 

Executive  Order  12898,  issued  February  11,  1994,  requires  federal  agencies  to  identify  and 
address,  as  appropriate,  the  potential  for  disproportionately  high  and  adverse  environmental  effects 
of  its  actions  on  minority  and  low-income  populations.  Therefore,  the  impacts  on  minority  and 
low-income  populations  would  be  identified  and  mitigated,  if  necessary.  The  underground 
injection  alternative  would  not  disproportionately  affect  minority  or  low-income  populations. 

2.3.2.7  Other  Regulatory  Requirements 

Floodplain  Management 

Executive  Order  11988,  Floodplain  Management,  issued  May  24,  1977,  provides  floodplain 
management  direction  for  federal  agencies  for  avoiding  to  the  extent  possible  the  long-term  and 
short-term  adverse  impacts  of  occupying  and  modifying  floodplains,  and  for  avoiding  direct  and 
indirect  support  of  floodplain  development  whenever  this  is  practical.  Although  injection  well 
sites  may  be  located  in  floodplain  areas,  the  alternative  would  be  designed  to  minimize  floodplain 
impacts.  Impacts  would  also  be  mitigated  through  the  use  of  BMPs  and/or  standard  operating 
procedures  (SOPs). 

2.3.3  Physical  Description  of  Underground  Inj'ection  System 

For  this  alternative,  filtered  and  chlorinated  effluent  from  the  WWTP  at  Fort  Kamehameha  would 
be  pumped  to  an  injection  well  field  on  vacant  Hickam  AFB  land  east  of  the  WWTP.  This 
alternative  is  based  upon  the  assumption  that  an  agreement  between  the  Navy  and  the  Air  Force 
could  be  negotiated  to  allow  injection  wells  at  the  proposed  site.  If  this  site  cannot  be  used,  a 
more  distant  site  would  be  needed,  increasing  both  construction  and  operational  costs  of  this 
alternative.  In  addition  to  injection  wells,  the  underground  injection  system  would  require  a  new 
chlorination  system,  flow  equalization  basin,  booster  pumping  station,  and  transmission  pipeline. 
Specific  components  of  the  system  are  as  follows: 

•  Chlorination  and  Filtration.  To  inhibit  clogging  due  to  solids  and  biological  growth,  the 
effluent  must  be  continually  filtered  and  chlorinated.  The  effluent  filtration  and  ultraviolet  (UV) 
disinfection  systems  recently  constructed  at  the  WWTP,  plus  a  new  chlorination  facility, 
should  be  used  to  treat  the  effluent  prior  to  underground  injection.  The  traveling  bridge  filters 
installed  as  a  part  of  the  current  WWTP  upgrade  could  be  used  to  filter  the  effluent  prior  to 
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underground  injection.  Chlorine  should  be  added  to  the  effluent  to  prevent  biological 
regrowth  prior  to  discharge  to  injection  wells.  Because  the  existing  WWTP  chlorination  facility 
has  been  decommissioned,  a  new  chlorination  facility  would  be  required. 

•  Equalization  Basin.  A  new  flow  equalization  basin  would  mitigate  the  possibility  of  off- 
specification  effluent  entering  the  wells. 

•  Transmission  System.  An  approximately  500-m  (1,640-ft)-long,  90-cm  (36-inch)-diameter 
pipeline  would  be  required  to  convey  effluent  from  the  WWTP  to  a  well  field  to  the  east  of 
the  WWTP.  A  new  low-pressure  booster  pumping  station  would  be  required  to  push  water 
through  the  pipeline.  The  transmission  pipeline  would  connect  to  a  manifold,  which  would 
serve  individual  injection  wells  in  the  well  field. 

•  Injection  Wells.  With  an  assumed  capacity  of  1 6,000  mVday  (4.2  mgd)  each,  twelve  50-cm 
(20-inch)-diameter  wells  would  be  required  to  provide  100  percent  backup  for  the  WWTP. 
This  represents  two  injection  well  subsystems  of  six  wells  each,  providing  a  capacity  of 
96,000  mVday  (25.3  mgd)  each.  This  capacity  satisfies  the  design  criteria  identified  in 
Section  2.3.2. 1 .  If  the  shallow  limestone  layer  under  the  WWTP  extends  to  a  depth  of  at  least 
80  m  (260  ft),  the  injection  wells  should  be  solid  cased  for  the  first  30  m  (1 00  ft)  and  left  open 
for  the  remaining  50  m  (160  ft).  Individual  wells  would  need  to  be  spaced  at  least  30  m 
(1 00  ft)  apart  (see  Appendix  III).  Figure  2.3-1  shows  the  potential  location  of  the  injection  well 
field.  Much  of  this  area  has  been  identified  as  a  jurisdictional  wetland.^®  Installation  and 
operation  of  the  injection  well  field  could  occur  within  the  designated  wetland  without  filling 
or  destroying  the  wetland  environment.  All  required  permits  would  be  obtained  prior  to  well 
field  construction. 

•  Backflush  System.  To  help  remediate  future  well  degradation,  a  backflush  system  could  be 
installed.  Backflush  water  would  enter  a  collection  assembly  over  the  well,  which  would  in 
turn  feed  a  dedicated  line  for  returning  backflush  water  to  the  WWTP  headworks. 

2.3.4  Construction  Methodology 

Wells  would  be  drilled  using  either  rotary  or  cable  tool  technology.  Drillingrigs  would  not  exceed 
the  30-m  (1 00-ft)  height  limit  set  by  airfield  operations.  The  new  transmission  and  backflush  lines 
could  be  constructed  using  either  trenching  or  microtunneling.  The  new  booster  pumping  station 
would  require  site  preparation,  construction  of  booster  pump  pads,  possible  erection  of  a  control 
building,  and  installation  of  the  booster  pumps. 

Construction  of  each  well  is  projected  torequire  approximately  30  days.  The  booster  pump  station 
and  piping  could  be  built  at  the  same  time  as  the  injection  wells.  Individual  injection  wells  could 
be  drilled  simultaneously. 

2.3.5  Operations  and  Maintenance 

Routine  O&M  for  injection  wells  would  include  pumping  water  to  the  wells  and  backflushing  to 
remove  accumulated  sediments  and  bacterial  growth.  However,  over  time,  well  capacity  is 
expected  to  deteriorate,  especially  if  water  containing  particulate  matter,  nutrients,  or  other 
contaminants  is  discharged  to  the  well.  These  materials  can  cause  clogging  of  soil  pores  in  the 

^°Air  Force  Center  for  Environmental  Excellence  Oune  1 997)  Final  Integrated  Natural  Resources  Management  Plan  for  Hickam 
AFB,  Oahu;  Bellows  AFS,  Oahu;  Hickam  POL,  Oahu;  Kaala  AFS,  Oahu;  Kaena  Point  STS,  Oahu;  Kokee  AFS,  Kauai;  and  Palehua 
Solar  Observatory,  Oahu  (15th  Air  Base  Wing  Installations). 
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wells  reducing  the  wells'  disposal  capacity.  More  aggressive  cleaning  methods,  such  as  acid 
washing,  may  be  required  to  maintain  well  capacity.  When  available  methods  are  unable  to 
restore  capacity,  additional  wells  would  need  to  be  drilled. 

2.3.6  Construction,  Operations,  and  Maintenance  Costs 

Overall,  the  30-year  life-cycle  cost  of  an  underground  injection  system  for  effluent  from  the 
WWTP  at  Fort  Kamehameha  is  estimated  to  be  $34.91  million.  This  includes  projected  initial  costs 
of  $13.44  million  and  annual  O&M  costs  of  $1.56  million.  Table  2.3-1  summarizes  costs  for 
underground  injection. 


Table  2.3-1 

Costs  of  Underground  Injection 


System  Component 

Capital/  initial 
Cost 

Annual 
O&M  Cost 

Present  Value 
of  O&M  Cost 
for  30  Years 

Life-cycle 

■; ..-■Cost' 

Chlorination  System 

$3,500,000 

$300,000 

$4,130,000 

$7,630,000 

Equalization  Reservoir 

$2,310,000 

* 

$2,310,000 

Pumping  System 

$1,500,000 

$400,000 

$5,500,000 

$7,000,000 

Transmission  &  Distribution 

$590,000 

$10,000 

$140,000 

$730,000 

Injection  Wells  &  Backflush  Systems 

$5,540,000 

$240,000 

$3,300,000 

$8,840,000 

Monitoring  &  Compliance 

*■  * 

$30,000 

$410,000 

$410,000 

Administration  &  Overhead 

$580,000 

$7,990,000 

$7,990,000 

Total 

$13,440,000 

$1,560,000 

$21,470,000 

$34,910,000 

*  Operation  and  maintenance  costs  for  the  equalization  reservoir  are  included  in  the  operation  costs  for  the 
transmission  and  distribution  system. 

**  It  is  assumed  that  there  would  be  no  capital  costs  associated  with  monitoring  and  compliance  or  with 
administration  and  overhead. 


2.3.7  Feasibility  of  Underground  Injection 

Although  underground  injection  has  a  number  of  operational  risks,  its  initial  construction  costs  are 
competitive,  even  if  life-cycle  costs  are  not.  Potential  environmental  impacts,  including  effects  on 
wetlands,  unknown  effects  of  coastal  water  quality,  and  effects  on  archaeological  remains,  do  not 
make  this  alternative  infeasible  without  further  analysis.  This  alternative  is  carried  forward  for 
more  detailed  evaluation  of  impacts  in  Chapter  4. 

2.4  No-Action  Alternative 


This  alternative  consists  of  continuing  to  use  the  existing  outfall  for  disposal  of  treated  effluent 
from  the  WWTP  at  Fort  Kamehameha.  No  repairs  are  currently  planned  for  the  existing  outfall; 
however,  this  alternative  assumes  a  one-time  repair  project  would  be  implemented  to  address 
outfall  deficiencies  (see  Section  1.2).  Repair  of  the  existing  deficiencies  would  not  affect  permit 
compliance  nor  benefit  the  environment. 
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2.4.1  Receiving  Environment 

The  existing  outfall  discharges  into  the  Pearl  Harbor  Entrance  Channel  near  the  WWTP  (see 
Figures  1 .2-1  and  1 .4-1 ).  The  receiving  waters  are  classified  by  the  DOH  as  Class  2  Inland  Waters, 
which  includes  the  entire  Pearl  Harbor  Estuary.  Because  of  the  limited  circulation  of  the  estuarine 
waters  and  the  nonpoint  source  pollution  loading  into  Pearl  Harbor  from  surrounding  lands,  the 
entire  estuary  is  also  classified  by  the  DOH  as  a  WQLS.  The  currently  permitted  ZOM  for  the 
existing  outfall  includes  much  of  the  Pearl  Harbor  Entrance  Channel  as  well  as  a  portion  of  the 
adjacent  Open  Coastal  Wafers  (see  Figure  1.2-1). 

Although  the  existing  discharge  has  not  been  shown  to  cause  environmental  degradation,^’  future 
increases  in  the  quantity  of  effluent  discharged  will  increase  the  loading  to  the  estuary.  The 
increased  loading  is  prohibited  and  does  not  meet  the  objective  of  eliminating  the  discharge  of 
wastewater  effluent  into  the  WQLS. 

2.4.2  Regulatory  Constraints  and  Requirements 

This  section  identifies  the  permits  and  other  regulatory  constraints  and  requirements  relevant  to 
the  no-action  alternative. 

2.4.2.1  Aquatic  Environment 

Rivers  and  Harbors  Act 

Under  Section  10  of  the  Rivers  and  Harbors  Act  of  1899,  performance  of  work  or  placement  of 
any  structure  into  or  affecting  navigable  waters  of  the  U.S.  is  permitted  if  it  is  recommended  by 
the  Chief  of  Engineers  and  authorized  by  the  Secretary  of  the  Army.  A  DA  permit  may  be  required 
for  the  repair  of  the  existing  outfall. 

Clean  Water  Act 

The  existing  discharge  is  permitted  through  the  NPDES  program  administered  by  the  DOH.  The 
permit  has  expired  and  the  existing  discharge  is  authorized  by  an  administrative  extension.  All 
conditions  of  the  expired  permit  must  be  adhered  to.  The  classification  of  Pearl  Harbor  Estuary  as 
a  WQLS  signifies  that  an  increase  in  point  source  nutrient  loadings  to  the  estuary  will  not  be 
allowed.  It  is  also  anticipated  that  permit  conditions  regarding  discharges  into  Pearl  Harbor  Estuary 
will  become  more  stringent  in  the  future  (see  Appendix  I).  Compliance  under  these  circumstances 
would  be  problematic,  and  use  of  the  existing  outfall  would  limit  the  ability  of  the  WWTP  to 
accommodate  future  flow  increases. 

Coral  Reef  Protection 

According  to  Executive  Order  13089,  dated  June  11,  1998,  federal  agencies  are  required  to 
identify  which  of  their  actions  may  affect  U.S.  coral  reef  ecosystems.  Furthermore,  they  are 
required  to  utilize  their  programs  and  authorities  to  protect  and  enhance  the  conditions  of  any 
such  ecosystems  and,  to  the  extent  permitted  by  law,  ensure  that  the  actions  they  authorize,  fund, 
or  carry  out  will  not  degrade  the  conditions  of  the  coral  reef  ecosystems.  An  increase  in  the 
pollutant  loadings  to  the  estuary  may  potentially  impact  existing  coral  habitat  by  degrading  the 


^'Belt  Collins  &  Associates  (August  1992)  Expansion  of  the  Wastewater  Treatment  Plant  at  Fort  Kamehameha  Environmental 
Assessment.  Prepared  for  the  Department  of  the  Navy,  Public  Works  Center. 
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water  quality  (e.g.,  reduce  dissolved  oxygen  concentration,  introduce  toxins,  etc.)  to  a  level  such 
that  coral  may  become  less  healthy  or  even  die  off  in  the  affected  areas. 

2.4.2.2  Socioeconomics 

Environmental  justice  for  Minority  and  Low-Income  Populations 

Executive  Order  12898,  issued  on  February  11,  1994,  requires  federal  agencies  to  identify  and 
address,  as  appropriate,  the  potential  for  disproportionately  high  and  adverse  environmental  effects 
of  its  actions  on  minority  and  low-income  populations.  It  is  unlikely  that  the  no-action  alternative 
would  have  disproportionately  high  impacts  on  minority  or  low-income  populations,  because  the 
people  that  typically  use  the  area  are  not  known  to  be  members  of  a  minority  or  low-income 
population. 

2.4.3  Physical  Description  of  No  Action 

The  existing  outfall  isa76-cm  (30-inch)  diameter  pipe  extending  approximately  549  m  (1,800  ft) 
in  a  westerly  direction  into  the  Pearl  Harbor  Entrance  Channel.  Effluent  is  discharged  through  a 
diffuser  ata  water  depth  of  approximately  13.7  m  (45  ft).  Pumps  are  used  to  increase  the  pressure 
of  the  discharge  and  force  effluent  through  the  outfall  during  periods  of  high  tides  and/or  high 
wastewater  flows. 

2.4.4  Construction  Methodology 

No  new  construction  is  proposed  for  the  no-action  alternative.  Repair  of  the  existing  outfall  would 
be  accomplished  by  methods  determined  during  planning  and  design  of  the  repairs. 

2.4.5  Routine  Operations  and  Maintenance 

Disinfected  effluent  from  the  WWTP  normally  discharges  by  gravity  through  the  outfall  pipe.  If  the 
flow  rate  is  inadequate,  pumps  provide  additional  pressure  to  force  flow  through  the  outfall. 
System  maintenance  primarily  involves  maintenance  of  the  effluent  pump  station  equipment  to 
ensure  that  the  pumps  will  perform  as  required.  The  pumps  are  test-run  weekly,  lubricated  and 
serviced  quarterly,  and  repaired  as  required.  No  specific  maintenance  procedures  are  required  for 
the  outfall  pipe  itself. 

2.4.6  Construction,  Operations,  and  Maintenance  Costs 

2.4.6. 1  Construction 

There  are  no  construction  costs  associated  with  the  no-action  alternative.  For  consistency  with  the 
cost  analysis  of  the  other  alternatives,  the  estimated  cost  for  repairing  existing  outfall  damages  (as 
described  in  Section  1 .2)  is  included  as  a  component  of  O&M  costs  discussed  in  Section  2.4. 6.2. 

2.4.6.2  Operations  and  Maintenance 

Operational  costs  for  the  outfall  consist  of  the  energy  costs  associated  with  pumping  the  effluent 
through  the  outfall  and  monitoring  receiving  water  quality.  Currently,  pumping  is  only  required 
during  extreme  storm  events  that  occur  less  than  once  per  year.  Monitoring  costs  for  testing  the 
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receiving  water  quality  are  the  only  routine  operational  expenses.  Maintenance  costs  result  from 
maintaining  the  effluent  pump  station.  Outfall  repair  costs,  which  are  assumed  to  occur  during  the 
first  year,  have  been  annualized  over  30  years.  These  costs  are  summarized  in  Table  2.4-1 . 


Table  2.4-1 

Operations  and  Maintenance  Costs  for  the  Existing  Outfall 


Activity 

Quantity 

Unit 

Rate* 

Total  Cost 

Effluent  Pump  Station  O&M 

20 

worker-days/year 

$270  ($/worker-day) 

$5,400 

Receiving  Water  Quality  Sampling 

20 

worker-days/year 

$270  ($/worker-day) 

5,400 

Receiving  Water  Quality  Analysis 

12 

month/year 

$2,325  ($/month) 

27,900 

Various  Outfall  Repairs 

1 

lump  sum 

$72,600/yr 

72,600 

Total  Annual  0«&M  Costs 

$111,300 

*The  daily  rate  is  based  on  a  contract  rate,  which  includes  benefits  and  overhead. 


2.4.6.3  Net  Costs 

The  30-year  life-cycle  cost  of  the  no-action  alternative  is  provided  in  Table  2.4-2. 


Table  2.4-2 

Cost  Summary  for  the  No-Action  Alternative 


System  Component 

Capital/Construction 

Cost 

Annual  O&M  Cost 

Present  Value  of 
O&M  Cost  for 

30  Years 

30-year 
Life-Cycle  Cost 

Existing  Outfall 

$0 

$111,300 

$1,533,000 

$1,533,000 

2.4.7  Feasibility  of  No  Action 

The  no-action  alternative  is  the  least-cost  alternative  but  fails  to  achieve  the  purpose  of  the 
proposed  action,  which  is  to  reduce  pollutant  loadings  from  the  wastewater  discharge  into  the 
WQLS  of  the  Pearl  Harbor  Estuary.  Although  less  costly  in  the  short  term,  the  Navy  would  remain 
exposed  to  future  uncertainties  and  penalties  associated  with  its  discharge  permit,  now  pending 
renewal  with  DOH,  and  would  ultimately  be  forced  to  reduce  its  discharge  of  pollutant  loadings 
to  the  estuary.  This  alternative  is  carried  forward  for  detailed  comparison  as  required  by  the 
Council  on  Environmental  Quality's  regulations. 

2.5  Treatment  Plant  Upgrade  Alternative 

This  alternative  considers  the  removal  of  additional  pollutants  from  the  effluent,  such  that  the 
effluent  being  discharged  from  the  existing  outfall  would  comply  with  regulatory  constraints  for 
the  30-year  life  of  the  project.  To  provide  for  long-term  disposal  of  effluent  through  the  existing 
outfall,  nutrients  would  need  to  be  removed  from  the  effluent  as  part  of  the  treatment  process.  This 
would  be  necessary  to  meet  the  requirement  to  not  inaease  nutrient  loading  to  the  Pearl  Harbor 
Estuary.  The  existing  WWTP  has  recently  been  upgraded  and  has  been  designed  to  reduce 
biochemical  oxygen  demand  and  suspended  solids  in  the  effluent  such  that  the  design  flow  of 
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49,000  mVday  (13  mgd)  can  be  discharged  without  increasing  the  discharge  of  these  constituents 
over  the  levels  discharged  prior  to  the  upgrade. 

Although  existing  data  indicates  that  the  concentrations  of  toxic  constituents  in  the  effluent, 
specifically  metals  and  chlorinated  organics  such  as  pesticides,  are  very  low,^^  it  is  possible  that 
future  regulatory  requirements  may  further  limit  the  discharge  of  these  constituents. 

Removal  of  both  nutrients  and  potentially  toxic  consti  uents  could  be  accomplished  by  a  single 
process,  such  as  reverse  osmosis  (RO)^^  or  by  fundamentally  different  separate  processes  for 
removal  of  nutrients  and  toxins.  RO,  as  described  for  the  reuse  alternative  in  Section  2. 7.3.2, 
would  also  remove  salts  from  the  effluent.  For  comparative  purposes,  this  section  will  consider 
removal  of  nutrients  by  processes  commonly  used  only  for  nutrient  removal.  It  is  possible  that 
more  stringent  toxin  removal  will  not  be  required  during  the  30-year  project  life;  however,  the  risk 
that  future  regulations  may  require  further  toxin  reduction  for  discharge  into  the  Pearl  Harbor 
Estuary  would  always  be  present. 

2.5.1  Receiving  Environment 

The  receiving  environment  for  the  treatment  plant  upgrade  alternative  would  be  identical  to  the 
receiving  environment  for  the  no-action  alternative,  as  described  in  Section  2.4.1 . 

2.5.2  Regulatory  Constraints  and  Requirements 

This  section  identifies  the  permits  and  other  regulatory  constraints  and  requirements  relevant  to 
the  treatment  plant  upgrade  alternative. 

2.5.2.1  Aquatic  Environment 

Rivers  and  Harbors  Act 

Under  Section  10  of  the  Rivers  and  Harbors  Act  of  1899,  performance  of  work  or  placement  of 
any  structure  into  or  affecting  navigable  waters  of  the  U.S.  is  permitted  if  it  is  recommended  by 
the  Chief  of  Engineers  and  authorized  by  the  Secretary  of  the  Army.  A  DA  permit  may  be  required 
for  the  repair  of  the  existing  outfall. 

Clean  Water  Act 

The  existing  discharge  is  permitted  through  the  NPDES  program  administrated  by  the  DOH.  The 
permit  has  expired  and  the  existing  discharge  is  authorized  by  an  administrative  extension.  The 
classification  of  Pearl  Harbor  Estuary  as  a  WQLS  signifies  that  an  increase  in  point  source  nutrient 
loadings  to  the  estuary  will  not  be  allowed.  It  is  anticipated  that  permit  conditions  regarding 
discharges  into  Pearl  Harbor  Estuary  will  become  more  stringent  in  the  future  (see  Appendix  I). 

The  treatment  plant  upgrade  alternative  would  need  to  produce  effluent  to  meet  future  permit 
conditions,  which  are  expected  to  require  removal  of  nitrogen  and  phosphorus,  and  possibly  of 
trace  metallic  and  organic  toxins. 


^^Most  metals  and  pesticides  are  n on-detectable  in  the  effluent  (see  Section  4.8.2). 

^^Reverse  osmosis  is  a  type  of  membrane  filtration  process  which  purifies  water  by  separating  the  water  molecules  from  larger 
water  molecules,  such  as  dissolved  salts. 
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2.5.2.2  Navigation 

Federal  Aviation  Administration 

Construction  activities  to  upgrade  the  WWTP  would  occur  in  the  vicinity  of  the  Honolulu 
International  Airport.  Any  construction  activity  near  an  airport  is  subject  to  FAA  requirements. 
Under  the  FAA's  Western  Pacific  Region,  a  Notice  of  Proposed  Construction  (permit  number 
7460-1 )  would  have  to  be  obtained.  The  FAA  would  distribute  a  NOT AM  warning  to  aircraft  using 
the  airport.  Depending  on  its  location  and  height,  construction  equipment  might  directly  impact 
flight  lines  at  the  Honolulu  International  Airport.  The  tops  ofthe  booms  of  any  cranes  would  need 
to  be  shorter  than  30  m  (100  ft)  and  be  flagged  and  lighted. 

2.5.2.3  Protected  Species  and  Habitats 

Endangered  Species  Act 

The  ESA  of  1973  requires  that  proposed  actions  do  not  jeopardize  the  existence  of  listed 
(endangered  or  threatened)  plant  and  animal  species.  Section  7  of  the  Act  requires  that  the 
USFWS,  NMFS,  or  both  agencies,  be  consulted  when  proposed  federal  actions  may  affect  listed 
species  or  result  in  the  destruction  or  adverse  modification  of  critical  habitat  designated  for  such 
species.  If  the  proposed  construction  areas  for  the  new  treatment  plant  facilities  are  found  to 
contain  listed  species,  ESA  consultation  would  be  required. 

Magnuson-Stevens  Act/Sustainable  Fisheries  Act 

The  treatment  plant  upgrade  is  not  expected  to  impact  any  designated  EFH  or  HAPC.  The 
Magnuson-Stevens  Act  requires  that  the  NMFS  be  consulted  when  a  proposed  federal  action  may 
adversely  affect  EFH  or  HAPC. 

Coral  Reef  Protection 

Under  Executive  Order  1 3089,  dated  June  11,1 998,  federal  agencies  are  required  to  identify  their 
actions  that  may  affect  U.S.  coral  reef  ecosystems,  protect  and  enhance  the  conditions  of  coral  reef 
ecosystems,  and  to  the  extent  permitted  by  law,  ensure  that  actions  they  authorize,  fund,  or  carry 
out  will  not  degrade  the  conditions  of  coral  reef  ecosystems.  It  is  Navy  policy  to  comply  with 
Executive  Order  13089  and  to  emphasize  special  considerations  for  coral  reef  protection  and 
associated  mitigation  measures  in  the  final  environmental  documentation  of  cases  where 
significant  adverse  impact  is  likely.^'*  An  increase  in  the  effluent  discharge  from  the  WWTP  to  the 
estuary,  even  with  WWTP  upgrade,  may  potentially  impact  existing  coral  habitat  by  altering  the 
water  quality  such  that  coral  may  be  impacted  in  the  affected  areas. 

Protection  of  Wetlands 

Executive  Order  11988,  issued  May  24,  1977,  directs  federal  agencies  to  avoid  long-term  and 
short-term  adverse  impacts  associated  with  the  destruction  or  modification  of  wetlands  and  to 
avoid  direct  or  indirect  support  of  new  construction  in  wetlands.  Depending  upon  location, 
construction  activities  for  the  treatment  plant  upgrade  have  the  potential  to  impact  wetland  areas. 


^^Department  ofthe  Navy  letter  number  5090,  Ser  N45D/80589139,  dated  December  4,  1998,  from  Chief  of  Naval 
Operations  regarding  Coral  Reef  Protection  Policy. 
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2.5.2A  Cultural  Resources 

National  Historic  Preservation  Act 

The  NHPA  of  1966,  as  amended,  and  36  CFR  800  (implementing  regulations)  requires  federal 
agencies  to  consider  the  effects  of  their  actions  on  historic  properties.  The  SHPO  in  the  DLNR 
would  need  to  be  consulted  to  determine  means  to  avoid,  reduce,  or  mitigate  adverse  effects  on 
historic  sites. 

Native  American  Graves  Protection  and  Repatriation  Act 

Signed  into  law  in  1990,  NAGPRA  is  intended  to  protect  Native  American  (including  Native 
Hawaiian)  graves.  The  Act  also  provides  for  the  inventory  and  repatriation  of  Native  American 
human  remains  and  associated  funerary  objects  and  addresses  the  conditions  and  circumstances 
when  Intentional  Excavation  and  Removal  of  Native  American  Human  Remains  and  Objects  is 
permitted.  Regulations  providing  procedures  are  found  at  43  CFR  10.3.  If  Hawaiian  burials  are 
encountered  during  construction,  NAGPRA  requires  consultation  with  appropriate  Native 
Hawaiian  organizations. 

2.5. 2.5  Coastal  Zone  Management 

The  Hawaii  CZM  program,  which  has  been  approved  by  the  U.S.  Department  of  Commerce,  is 
administered  by  DBEDT.  Although  the  state's  CZM  program  does  not  apply  to  lands  and  waters 
under  federal  ownership  or  exclusive  control,  consistency  with  the  state's  CZM  program  would 
be  required  due  to  potential  spillover  effects  of  the  treatment  plant  upgrade  alternative  into 
nonfederal  areas. 

2.5.2.6  Socioeconomics 

Environmental  Justice  for  Minority  and  Low-Income  Populations 

Executive  Order  12898,  issued  February  11,  1994,  requires  federal  agencies  to  identify  and 
address,  as  appropriate,  the  potential  for  disproportionately  high  and  adverse  environmental  effects 
of  their  actions  on  minority  and  low-income  populations.  The  potential  for  disproportionately  high 
impacts  on  minority  or  low-income  populations  resulting  from  increasing  effluent  discharge  into 
the  Pearl  Harbor  Estuary  would  need  to  be  identified  and,  if  necessary,  mitigated. 

2.5.2.7  Other  Regulatory  Requirements 

Floodplain  Management 

Executive  Order  11988,  issued  May  24,  1977,  provides  floodplain  management  direction  for 
federal  agencies  for  avoiding  to  the  extent  possible  the  long-term  and  short-term  adverse  impacts 
of  occupying  and  modifying  floodplains,  and  for  avoiding  direct  and  indirect  support  of  floodplain 
development  whenever  this  is  practical.  Although  new  facilities  required  for  the  treatment  plant 
upgrade  would  be  located  in  floodplain  areas,  the  alternative  would  be  designed  to  minimize 
impacts  on  the  floodplains.  Impacts  would  also  be  mitigated  through  the  use  of  BMPs  and/or 
SOPs. 
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2.5.3  Physical  Description  of  Treatment  Plant  Upgrade 

2.5.3.1  Nutrient  Removal 

The  removal  of  nutrients  from  wastewater  can  be  accomplished  by  a  variety  of  processes.  These 
can  be  grouped  into  two  main  categories,  biological  processes  and  chemical-physical  processes. 
Biological  processes,  as  currently  available,  are  generally  capable  of  removing  a  high  proportion 
of  both  nitrogen  and  phosphorous  from  wastewater.  Chemical-physical  processes,  with  the 
exception  of  RO,  are  generally  specific  to  removal  of  either  nitrogen  or  phosphorous. 
Development  and  implementation  of  biological  nutrient  removal  processes  within  the  past  two 
decades  has  been  motivated  by  a  demand  for  processes  that  are  less  costly  to  operate  than 
conventional  physical-chemical  processes  and  can  be  integrated  into  typical  secondary  treatment 
processes. 

Because  no  increase  in  the  discharge  of  either  nitrogen  or  phosphorous  into  the  waters  of  the  Pearl 
Harbor  Estuary  is  allowed,  it  was  assumed  that  both  nutrients  would  need  to  be  removed  from  the 
effluent  to  continue  discharging  to  the  estuary.  To  develop  both  a  planning  level  cost  estimate  and 
a  space  requirement  estimate  for  nutrient  removal  at  the  WWTP  at  Fort  Kamehameha,  a  range  of 
available  treatment  technologies  was  considered. 

The  5-Stage  Bardenpho^*^  process  was  selected  as  a  basis  for  O&M  cost  and  space  requirement 
estimates  because  of  its  relatively  large  number  of  installations  worldwide  and  its  proven  ability 
to  remove  both  nitrogen  and  phosphorous.  This  process  uses  a  combination  of  anaerobic,  anoxic, 
and  aerobic  stages  to  achieve  biological  nitrification  and  denitrification  as  well  as  phosphorous 
uptake  and  removal  in  the  waste  sludge.  A  schematic  diagram  of  the  process  is  provided  in 
Figure  2.5-1. 

2.5.3.2  Removal  of  Trace  Toxins 

If  required,  these  constituents  could  be  removed  from  effluent  by  GAC  filtration,  following 
biological  treatment  for  nutrient  removal  and  sand  filtration.  Other  approaches,  such  as  increased 
source  control,  may  also  be  effective  for  reduction  of  trace  toxins  in  the  effluent.  As  indicated  in 
Section  2.5,  above,  RO  would  effectively  remove  most  trace  toxins  in  the  effluent.  However,  as 
indicated  in  Section  2.7.6,  the  costs  would  be  excessively  high. 

A  GAC  filtration  facility  sized  to  treat  49,000  mVday  (1 3  mgd)  of  sand  filtered  secondary  effluent 
would  consist  of  either  downflow  or  upflow  activated  carbon  filters  with  the  associated 
distribution  piping,  monitoring,  and  control  equipment.  Backwash  would  be  returned  to  the  head 
of  the  treatment  plant.  GAC  would  need  to  be  replaced  or  regenerated  on  a  periodic  or  continuous 
basis,  depending  on  the  specific  process  and  equipment  used. 

2.5.3.3  Land  Requirements  and  Siting 

Preliminary  sizing  ofa5-stageBardenpho™process  for  removal  of  both  nitrogen  and  phosphorous 
from  a  daily  average  wastewater  flow  of  49,000  mVday  (1 3  mgd)  has  been  estimated  in  order  to 
determine  the  land  area  requirement  to  add  this  process  to  the  WWTP  at  Fort  Kamehameha.  Space 
requ irements  for  a  GAC  faci I ity  to  treat  49,000  mVday  (1 3  mgd)  of  sand-fi Itered  secondary  effluent 
has  also  been  estimated.  The  total  additional  area  required  would  be  approximately  1.3  ha 
{3.2  ac).  There  is  no  space  available  on  the  existing  WWTP  site  to  locate  these  facilities. 
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Figure  2.5-2  shows  four  possible  areas  for  site  expansion;  however,  all  are  on  Air  Force  land,  and 
the  necessary  lands  would  need  to  be  acquired  for  WWTP  expansion. 

With  reference  to  Figure  2.5-2,  each  potential  expansion  site  would  present  a  number  of 
constraints  as  identified  in  Table  2.5-1 . 


Table  2.5-1 

Constraints  of  Various  WWTP  Expansion  Sites 


Site 

Number 

Identified  Site  Constraints 

1 

•  Displaces  an  area  of  known  archaeological  resources  and  human  burials 

•  Abuts  the  northwest  corner  of  Battery  Hasbrouck,  an  historic  site 

•  Is  approximately  38  m  (125  ft)  from  the  nearest  house 

•  Requires  diversion  of  approximately  90  m  (295  ft)  of  a  large  drainage  channel  with 
identified  wetland  vegetation^^ 

•  Requires  diversion  of  existing  maintenance  roads 

2 

•  Requires  diversion  of  approximately  120  m  (394  ft)  of  a  large  drainage  channel  with 
identified  wetland  vegetation^^ 

•  Abuts  the  northern  side  of  Battery  Hasbrouck,  an  historic  site 

•  Abuts  the  southeast  side  of  Fort  Kamehameha  Road 

•  Requires  diversion  of  an  existing  maintenance  road 

•  Could  potentially  impact  archaeological  resources  and  human  burials 

3 

•  Requires  diversion  of  approximately  1 90  m  (623  ft)  of  a  large  drainage  channel 

•  Abuts  the  northeast  corner  of  Battery  Hasbrouck,  an  historic  site 

•  Abuts  the  southeast  side  of  Fort  Kamehameha  Road 

•  Impacts  an  identified  wetland  area  adjacent  to  the  northeast  corner  of  Battery  Hasbrouck 

•  Could  potentially  impact  archaeological  resources  and  human  burials 

4 

•  Requires  the  bridging  of  a  major  drainage  channel  for  access  and  piping 

•  Abuts  the  southeast  side  of  Fort  Kamehameha  Road 

•  Displaces  a  portion  of  an  existing  pier  facility 

•  Could  potentially  impact  archaeological  resources  and  human  burials 

•  Site  of  proposed  Air  Force  marina  complex 

Battery  Hasbrouck  is  part  of  the  historic  Battery  District,  as  discussed  in  Section  3.6.2.  With  the 
exception  of  specific  areas  that  have  been  fully  surveyed  (portions  of  sites  1 , 2,  and  3),  areas  in  the 
vicinity  of  the  WWTP  have  the  potential  to  contain  archaeological  resources  and  human  burials. 
Because  of  the  large  number  of  human  burials  already  discovered  in  the  vicinity  of  the  WWTP  site, 
any  location  proposed  for  WWTP  expansion,  with  the  exception  of  previously  surveyed  areas, 
would  need  to  be  thoroughly  surveyed  for  archaeological  resources  and  human  burials  prior  to 
commencement  of  any  expansion  project. 

2.5.4  Construction  Methodology 

Construction  of  the  additional  treatment  units  to  provide  biological  nutrient  removal  and  activated 
carbon  filtration  would  be  accomplished  by  conventional  construction  methods  for  industrial 
facilities  and  would  be  similar  to  the  methods  used  for  the  recent  upgrade  of  the  WWTP.  The  site 
would  require  surface  preparation  prior  to  construction  of  footings,  concrete  pads,  tanks,  and  other 
structures,  which  would  be  constructed  according  to  the  applicable  design  documents. 

Collins  &  Associates  (August  1992). 

^^Belt  Collins  &  Associates  (August  1 992). 
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•Battery  Hasbrouck  is  part  of  the 
historic  Battery  District  as  discussed 
in  Section  3.6.2. 
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2.5.5  Routine  Operations  and  Maintenance 

O&M  activities  for  nutrient  and  toxin  removal  facilities  are  similar  to  those  for  other  treatment 
processes.  Biological  nutrient  removal  requires  particular  operator  attention  and  monitoring  during 
start-up  and  initial  operational  phases  to  optimize  the  process  variables.  Because  wastewater 
characteristics  differ  from  plant  to  plant  and  also  change  over  time,  operators  need  to  implement 
strategies  to  determine  the  conditions  under  which  treatment  processes  are  optimized.  The 
primary  tasks  involved  would  include: 

•  Transport  and  disposal  of  additional  sludge. 

•  Routine  process  monitoring,  including  laboratory  testing  of  samples  for  process  control. 

•  Process  adjustments,  based  upon  monitoring  results. 

•  Routine  equipment  inspections  and  servicing. 

•  Scheduled  equipment  repair  and  refurbishing. 

•  Routine  GAC  regeneration,  replacement  and  disposal. 

•  Routine  chemical  acquisition,  storage  and  feeding. 

•  Troubleshooting  and  responding  to  process  upsets,  equipment  failures,  etc. 

•  General  site  maintenance. 

It  is  estimated  that  approximately  six  additional  operators  would  be  needed  at  the  WWTP  at  Fort 
Kamehameha  for  operation  of  biological  nutrient  removal  facilities,  and  that  approximately  four 
additional  operators  would  be  needed  for  operation  of  toxin  removal  facilities.  The  other  major 
component  of  O&M  costs  would  be  energy  consumption.  It  is  estimated  that  approximately 
5.4  million  kilowatt  hours  (kWh)  per  year  would  be  required  for  operation  of  nutrient  removal 
facilities  and  approximately  0.7  million  kWh  per  year  would  be  required  for  operation  of  toxin 
removal  facilities. 

2.5.6  Construction,  Operations,  and  Maintenance  Costs 

Because  the  information  required  to  develop  a  planning  level  construction  cost  estimate  for  a 
5-stage  Bardenpho^'^  process  was  unavailable,  three  different  construction  and  O&M  cost 
estimates  for  nutrient  and  toxin  removal  facilities  were  developed  for  comparative  purposes  as 
follows: 

•  Construction  cost  estimate  based  on  construction  of  a  phosphorous  removal  plant  in  Nevada,^^ 
and  an  O&M  cost  estimate  based  upon  estimates  of  labor,  chemical,  and  electrical  energy 
requirements  for  a  typical  biological  nutrient  removal  system  and  a  toxin  removal  system 
consisting  of  chemical  coagulation  prior  to  sand  filtration  with  GAC  filtration  after  sand 
filtration  and  prior  to  disinfection. 

•  Construction  and  O&M  cost  estimates  based  upon  cost  data  presented  for  appropriate  unit 
processes  in  Handbook  of  Wastewater  Treatment  Processes.^^ 

•  Construction  cost  estimate  based  on  cost  data  presented  in  Construction  Costs  for  Municipal 
Wastewater  Treatment  Plants:  1 973-1 978,^^  and  an  O&M  cost  estimate  based  upon  estimates 
of  labor,  chemical,  and  electrical  energy  requirements  for  a  typical  biological  nutrient  removal 


^^PACNAVFACENGCOM  working  memorandum  prepared  in  conjunction  with  Functional  Analysis  Concept  Design  package 
for  project  P-497,  Extend  Outfall,  WWTP  at  Fort  Kamehameha,  October  26,  1993. 

^®Arnold  S.  Vernick  and  Elwood  C.  Walker  (1981)  Handbook  of  Wastewater  Treatment  Processes. 

^^U.S.  Environmental  Protection  Agency  (1980)  Construction  Costs  for  Municipal  Wastewater  Treatment  Plants:  1973-1978. 
EPA/430/9-80-003. 
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system  and  toxin  removal  system.  The  toxin  removal  system  would  consist  of  chemical 
coagulation  prior  to  sand  filtration  with  CAC  filtration  after  sand  filtration  and  prior  to 
disinfection. 

The  O&M  component  of  each  cost  estimate  includes  a  one-time  repair  project  for  the  existing 
outfall  that  would  be  performed  the  first  year.  Based  on  the  construction  and  O&M  cost  estimates, 
30-year  life  cycle  costs  were  calculated.  Table  2.5-2  summarizes  the  cost  estimates  for  providing 
nutrient  removal  and  nutrient  plus  toxin  removal  at  the  WWTP  at  Fort  Kamehameha. 

Table  2.5-2 

Cost  of  Nutrient  and  Toxin  Removal 


:  Level  of  Upgrade 

Construction 

Cost 

Annual  D&M 
Cost 

Present  Value  of 
O&M  Cost  for  30 
Years 

30-Year 
Life-Cycle  Cost 

Nutrient  Removal* 

$59,000,000 

$1,207,000 

$16,600,000 

$75,600,000 

Nutrient  Removal** 

$24,100,000 

$3,313,000 

$45,600,000 

$69,700,000 

Nutrient  Removal*** 

$95,000,000 

$1,207,000 

$16,600,000 

$111,600,000 

Nutrient  and  Toxin 
Removal* 

$68,000,000 

$2,872,000 

$39,500,000 

$107,500,000 

Nutrient  and  Toxin 
Removal** 

$34,900,000 

$5,703,000 

$78,500,000 

$11.3,400,000 

Nutrient  and  Toxin 
Removal*** 

$104,000,000 

$2,872,000 

$39,500,000 

$143,500,000 

•  Construction  cost  estimate  based  on  construction  of  a  phosphorous  removal  plant  in  Nevada,  and  an  O&M  cost 
estimate  based  upon  estimates  of  labor,  chemical,  and  electrical  energy  requirements  for  a  typical  biological 
nutrient  removal  system  and  a  toxin  removal  system  consisting  of  chemical  coagulation  prior  to  sand  filtration 
with  GAC  filtration  after  sand  filtration  and  prior  to  disinfection. 

**  Construction  and  O&M  cost  estimates  based  on  cost  data  presented  for  appropriate  unit  processes  in  Handbook 
of  Wastewater  Treatment  Processes. 

***  Construction  cost  estimate  based  on  cost  data  presented  in  Construction  Costs  for  Municipal  Wastewater 
Treatment  Plants:  1 973-1978;  O&M  cost  estimate  based  upon  estimates  of  labor,  chemical,  and  electrical  energy 
requirements  for  a  typical  biological  nutrient  removal  system  and  a  toxin  removal  system  consisting  of  chemical 
coagulation  prior  to  sand  filtration  with  CAC  filtration  after  sand  filtration  and  prior  to  disinfection. 

2.5.7  Feasibility  of  Treatment  Plant  Upgrade 

The  alternative  to  upgrade  the  WWTP  at  Fort  Kamehameha  to  remove  nutrients,  with  the 

option  of  an  additional  upgrade  to  remove  toxins,  has  been  determined  to  be  an  unreasonable 

alternative  to  the  proposed  action  because  of  the  following  considerations: 

•  Additional  WWTP  land  requirements  of  1 .3  ha  (3.2  ac)  (see  Figure  2.5-2), 

•  30-year  life-cycle  cost  at  least  three  times  the  comparable  cost  for  the  proposed  outfall 
(approximately  $21.6  million,  see  Section  2.2.6. 3), 

•  Risk  of  more  stringent  future  regulations, 

•  Impacts  to  wetland  areas  located  in  potential  expansion  sites, 

•  Potential  for  encountering  archaeological  resources  and  human  burials  during 
construction,  and 
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•  Does  not  meet  the  State's  long-term  goal  of  removing  the  discharge  from  the  Pearl  Harbor 
Estuary. 

This  alternative  is  not  carried  forward  for  a  detailed  comparison  of  impacts. 

2.6  Infiltration  and  Evaporation 

Although  wastewater  can  be  disposed  of  through  infiltration  and  evaporation  in  land-based  or 
aquatic  systems,  infiltration  and  evaporation  is  not  a  reasonable  alternative  for  disposal  of  effluent 
from  the  WWTP  at  Fort  Kamehameha  due  to  the  extremely  large  land  requirement  and  potential 
for  disrupting  aircraft  operations  through  the  creation  of  favorable  environments  for  birds.  In 
addition,  this  alternative  has  the  potential  to  disturb  unknown  archaeological  and/or  burial  sites. 
As  stated  in  Section  2.1 .2.2,  the  conceptual  design  of  the  infiltration  and  evaporation  alternative 
does  not  include  the  same  level  of  detail  as  other  alternatives.  Upon  determination  of  the  land 
requirements  this  alternative  was  found  to  be  infeasible,  and  further  development  of  the 
conceptual  design  was  deemed  unnecessary. 

Wastewater  disposal  systems  using  infiltration  and  evaporation  generally  provide  a  degree  of 
natural  wastewater  treatment  and  are  often  used  in  lieu  of  mechanical/chemical/biological 
treatment  processes.  Wastewater  systems  using  evaporation  and  percolation  include:  (1)  slow-rate 
infiltration  systems,  (2)  rapid-rate  infiltration  system,  (3)  rapid-rate  percolation  pipes, 
(4)  constructed  wetlands,  and  (5)  aquatic  ponds.^°  The  basic  characteristics  of  each  of  these 
systems  is  as  follows: 

•  Slow-rate  Infiltration.  In  a  slow-rate  infiltration  system,  wastewater  is  applied  to  vegetated  land, 
meeting  vegetation  growth  needs  and  disposing  of  the  wastewater  through  evaporation,  plant 
evapotranspiration,  and  soil  percolation.  Vegetation  provides  natural  treatment  for  the 
wastewater,  and  slow-rate  infiltration  systems  are  often  used  with  untreated  or  poorly  treated 
wastewater.  With  rainfall  around  Fort  Kamehameha  averaging  approximately  56  centimeters 
per  year  (cm/year)  (22  inches/year),  potential  evapotranspiration  averaging  approximately 
122  cm/year  (48  inches/year),  and  soil  permeability  of  approximately  380  cm/day 
(150  inches/day),  disposal  of  WWTP  effluent  through  slow-rate  infiltration  is  estimated  to 
require  an  area  of  approximately  435  ha  (1,075  ac)  or  about  three  times  the  size  of  Ford 
Island.'^' 

•  Rapid-rate  Infiltration.  In  rapid-rate  infiltration  systems,  pre-treated  wastewater  is  applied  to 
shallow,  unvegetated  infiltration  basins.  Because  loading  rates  are  high,  most  wastewater  is 
disposed  of  through  percolation  rather  than  evaporation.  The  bottom  of  a  rapid-rate  infiltration 
system  should  not  be  less  than  2  m  (7  ft)  and  preferably  at  least  3  m  (10  ft)  above  the  water 
table.^^  A  rapid-rate  infiltration  system  for  effluent  from  the  WWTP  at  Fort  Kamehameha  would 
require  approximately  215  ha  (530  ac),  with  a  ground  surface  elevation  at  least  3  m  (10  ft) 
above  the  water  table. 


^^Metcalf  &  Ed(dy,  Inc.  (1991)  Wastewater  Engineering:  Treatment,  Disposal,  and  Reuse,  Third  Edition. 

^’Potential  evapotranspiration  calculated  using  the  Thorthwaite  Method  (Source:  Bras,  Rafael  L.  [1990]  Hydrology). 

^^National  Oceanic  and  Atmospheric  Administration,  National  Climatic  Data  Center  (1995)  Climatological  DataAnnual 
Summary:  Hawaii  and  the  Pacific.  Volume  91  Number  1 3. 

^^U.S.  Department  of  Agriculture,  Soil  Conservation  Service  in  cooperation  with  the  University  of  Hawaii  Agricultural 
Experiment  Station  (August  1972)  Soil  Survey  of  Kauai,  Oahu,  Maui,  Molokai,  and  Lanai,  State  of  Hawaii. 

^State  of  Hawaii,  Department  of  Finance,  Property  Assessment  Division,  Tax  Maps  Section.  Tax  Maps:  First  Division,  Plats  1-1- 
01  &02  and  Plat  9-9-01. 

^^Metcalf  &  Eddy,  Inc.  (1991). 
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•  Rapid-rate  Percolation  Pipes.  In  subsurface  percolation,  wastewater  drains  to  subsurface 
cavities  or  pipes  where  it  percolates  into  surrounding  materials.  Subsurface  percolation 
technologies  such  as  leach  fields  are  commonly  used  for  wastewater  systems  serving 
individual  residences  or  facilities.  However,  subsurface  disposal  can  be  used  for  larger 
wastewater  treatment  facilities.  An  underground  percolation  system  for  WWTP  Fort 
Kamehameha  would  require  at  least  105  ha  (260  ac)  with  ground  surface  elevations  at  least 
5  m  (16  ft)  msl. 

A  graveled  percolation  trench  with  buried  perforated  pipe  has  been  proposed  by  the  City  for 
its  Honouliuli  WWTP  (HWWTP),  approximately  7.5  km  (5  mi)  west  of  the  WWTP  at  Fort 
Kamehameha  and  across  the  Pearl  Harbor  Entrance  Channel.  To  dispose  of  an  average  of 
50,000  mVday  (1 3.2  mgd)  of  treated  effluent  from  the  HWWTP,  a  City  study  estimated  that 
the  trench  system  would  need  to  be  about  3.5  km  (2  mi)  long  and  would  cost  approximately 
$14  million  in  1995  dollars  to  construct,  exclusive  of  land  acquisition  costs.^^ 

In  contrast  to  conditions  at  the  HWWTP,  ground  surface  elevations  over  much  of  Hickam  AFB 
and  Fort  Kamehameha  are  generally  less  than  5  m  (16  ft)  msl  and  surrounding  areas  are 
generally  developed.  If  a  subsurface  percolation  system  were  developed  for  the  WWTP  at  Fort 
Kamehameha,  effluent  would  need  to  be  pumped  to  a  higher  elevation  to  avoid  shallow 
groundwater.  However,  the  nearest  relatively  undeveloped  areas  higher  than  5  m  (1 6  ft)  msl 
are  the  Makalapa  Crater  and  Halawa  Interchange,  approximately  2.4  km  (1 .5  mi)  and  3.2  km 
(2  mi),  respectively,  from  the  WWTP.^^ 

•  Constructed  Wetlands  and  Floating  Aquatic  Plants.  Constructed  wetlands  are  inundated  land 
areas  with  water  depths  typically  less  than  0.6  m  (2  ft)  that  support  the  growth  of  emergent 
plants.  The  plants  provide  surfaces  for  the  attachment  of  bacterial  films,  aid  in  wastewater 
filtration,  adsorb  constituents  in  the  wastewater,  and  oxygenate  the  water.  Systems  using 
floating  aquatic  plants  are  similar  in  concept  to  wetlands,  except  that  floating  plants  are  used 
for  treatment  and  water  depths  are  generally  deeper  than  1 .8  m  (6  ft).  Wastewater  disposal  in 
these  systems  may  occur  through  evapotranspiration;  however,  disposal  may  be  augmented 
by  surface,  subsurface,  or  marine  discharge,  or  by  effluent  reuse.^®  Due  to  high  seasonal  winter 
rainfall,  wastewater  disposal  through  evapotranspiration  in  a  wetland  or  aquatic  plant  system 
would  require  approximately  3,000  ha  (7,400  ac),  equal  to  the  area  of  Hickam  AFB,  Honolulu 
International  Airport,  and  the  U.S.  Navy's  Ewa  Blast  Zone  combined.®® 

The  1 00  ha  (250  ac)  or  more  required  for  wastewater  disposal  through  infiltration  and  evaporation 
do  not  exist  in  the  southern  portion  of  the  Pearl  Harbor  basin.  Even  if  land  were  available, 
acquisition  at  a  commercial  cost  of  about  $1.5  million/ha  ($600,000/ac)  would  require 
approximately  $160  million  for  a  subsurface  percolation  system,  $320  million  for  a  rapid-rate 
infiltration  system,  or  $650  million  for  a  slow-rate  infiltration  system.  Table  2.6-1  summarizes  land 
requirements  and  costs  of  wastewater  through  infiltration  and  evaporation.  As  shown  in 
Table  2.6-1,  this  alternative  is  manifestly  infeasible  and  is  not  further  evaluated. 


^^City  and  County  of  Honolulu,  Department  of  Wastewater  Management  dune  1995)  Honouliuli  Reclamation  and  Reuse. 
^^U.S.  Geological  Survey  (1983)  Pearl  Harbor,  Hawaii  Quadrangle.  7.5  Minute  Series  (Topographic). 

^^Metcalf  &  Eddy,  Inc.  (1991). 

^^State  of  Hawaii,  Department  of  Finance,  Property  Assessment  Division,  Tax  Maps  Section.  Tax  Maps:  First  Division,  Plats  1-1* 
01,  02,  &  03;  Plats  9-1-01  and  10,  Plat  9-3-02,  and  Plat  9-9-01. 
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Table  2.6-1 

Effluent  Disposal  Using  Infiltration  and  Evaporation 


i  System  ■■  L'"-"'; 

Slow-Rate  . 
(Land 

Application)  : 

Rapid-Rate 

(Infiltration 

Ponds) 

Percolation 

Trench 

Constructed 

Wetlands 

Hydraulic  Loading  Rate  in 
mVha/day  (gal/ac/day) 

210 

(22,500) 

438 

(46,800) 

470 

(50,300) 

17.5 

(1,870) 

Required  Area  in  ha  (ac) 

435 

(1,075) 

215* 

(530) 

3,000 

(7,400) 

Approximate  Land  Cost  at 
$1.5  million/ha  ($600,000/ac) 

$650  million 

$320  million 

$160  million 

$4.5  billion 

Approximate  Areas  of  Federal 
Lands  near  Fort  Kamehameha 

Hickam  AFB: 

Honolulu  International  Airport: 

Ford  Island: 

Waipio  Peninsula,  Navy  Lands: 

U.S.  Navy  Ewa  Blast  Zone: 

1,375  ha  (3,398  ac) 

1,050  ha  (2,595  ac) 

140  ha  (346  ac) 

600  ha  (1,483  ac) 

1,040  ha  (2,570  ac) 

*  Entire  area  must  be  at  least  3  m  (1 0  ft)  above  msl. 

**  Entire  area  must  be  at  least  5  m  (1 6  ft)  above  msl. 

2.7  Reuse  Alternative 

Treated  wastewater  effluent  from  the  WWTP  at  Fort  Kamehameha  could  potentially  help  meet 
nonpotable  water  irrigation  needs  in  the  Pearl  Harbor  area,  thus  reducing  future  demands  on 
potable  water  sources.  Effluent  from  the  WWTP  at  Fort  Kamehameha  is  saline  and,  in  order  to 
irrigate  vegetation,  would  first  need  to  be  desalinated.  In  addition,  to  safeguard  public  health  and 
protect  the  environment,  effluent  from  the  WWTP  would  need  to  be  disinfected  prior  to  reuse.  RO 
could  be  used  to  desalinate  and  disinfect  the  effluent.  New  transmission  infrastructure  would  be 
required  to  transport  treated  effluent  from  the  WWTP  to  reuse  sites.  Underground  injection  wells 
would  be  installed  to  dispose  of  brine  discharged  from  the  desalination  units,  off-specification 
effluent,  and  wastewater  in  excess  of  reuse  needs. 

In  lieu  of  desalination,  the  salinity  of  the  effluent  could  be  reduced  through  dilution  with  fresh 
water.  However,  approximately  490,000  mVday  (1 30  mgd)  of  fresh  water  would  be  required  to 
reduce  the  salinity  of  49,000  mVday  (1 3  mgd)  of  effluent  to  an  acceptable  level  for  irrigation.''® 
Dilution  is  therefore  considered  impractical,  as  the  nonpotable  water  demand  for  the  entire  island 
of  Oahu  was  485,000  mVday  (128  mgd)  in  1990.'" 

The  30-year  life-cycle  cost  to  desalinate,  disinfect,  and  distribute  effluent  for  reuse  is  estimated  to 
be  $1 79  million.  However,  effluent  reuse  could  generate  revenue  through  the  sale  of  reclaimed 
water.  As  RO  desalination  would  disinfect  the  reclaimed  water,  the  cost  of  UV  disinfection  could 
be  avoided.  With  all  reclaimed  effluent  sold  at  BWS  nonpotable  rates  and  without  the  cost  of  UV 


^^Engineering  Concepts,  Inc.  (March  1 990)  Effluent  Study  for  the  Wastewater  Treatment  Facility  at  Fort  Kamehameha,  Pearl 
Harbor,  Hawaii.  Prepared  for  the  Department  of  the  Navy,  Public  Works  Center,  Pearl  Harbor,  Hawaii. 

Wilson  Okamoto  &  Associates,  Inc.  (May  1994)  Oahu  Water  Management  Plan,  Initial  Revision  of  Technical  Reference 
Document.  Prepared  for  City  and  County  of  Honolulu,  Department  of  General  Planning. 
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disinfection  of  effluent,  the  30-year  life-cycle  cost  for  a  reuse  system  would  decrease  to 
$117  million.  Compared  to  the  proposed  replacement  outfall's  30-year  life-cycle  cost  of 
$21 .6  million,  effluent  reuse  is  uneconomical. 

2.7.1  Receiving  Environment 

There  are  two  receiving  environments  for  wastewater  effluent  under  the  reuse  alternative. 
Approximately  75  percent  of  the  effluent  water  would  be  transmitted  to  individual  reuse  sites. 
Brine  from  the  desalination  process  would  contain  approximately  25  percent  of  the  effluent  water 
as  well  as  virtually  all  nutrients  and  other  dissolved  constituents  entrained  in  the  effluent.  Brine 
would  be  injected  underground. 

2.7.1. 1  Receiving  Environment:  Reuse  Sites 

There  is  sufficient  potential  nonpotable  water  demand  in  the  vicinity  of  Fort  Kamehameha  to  reuse 
all  desalinated  effluent  from  the  WWTP  at  Fort  Kamehameha.  As  indicated  in  Section  2.7.3.2, 
approximately  36,800  mVday  (9.7  mgd)  of  desalinated  water  could  be  produced  from  the 
49,000  mVday  (1 3  mgd)  of  WWTP  effluent.  The  Hickam  Mamala  Bay  Golf  Course,  Hickam  Par 
3  Golf  Course,  and  Navy-Marine  Golf  Course  each  require  approximately  3,000  mVday  (0.8  mgd) 
of  irrigation  water  on  average.  The  nearby  Honolulu  International  Airport  requires  approximately 
36,000  mVday  (9.5  mgd)  of  nonpotable  water  on  average.'*^  The  U.S.  Air  Force  owns  the  two 
Hickam  golf  courses,  the  Navy  owns  the  Navy-Marine  Golf  Course,  and  the  State  Department  of 
Transportation  Airports  Division  owns  the  airport.'’^  The  airport  is  using  nonpotable  groundwater 
for  irrigation  needs  and  the  Hickam  Mamala  Bay  Golf  Course  will  soon  be  doing  so.  Figure  2.7-1 
shows  potential  reuse  areas  and  conceptual  effluent  transmission  facilities. 

2.7.1. 2  Receiving  Environment:  Desalination  Brine 

Desalination  of  the  saline  WWTP  effluent  would  generate  a  brine  containing  virtually  all  of  the 
effluent's  sodium  ions,  chloride  ions,  nutrients,  and  other  dissolved  and  suspended  constituents. 
The  brine  would  also  contain  up  to  25  percent  of  the  effluent's  water.  The  brine  must  be  either 
discharged  to  the  ocean  through  a  new  outfall,  injected  underground,  or  disposed  through 
percolation  and  evaporation.  Continued  use  of  the  existing  outfall  for  brine  disposal  is  considered 
unfeasible  as  it  would  increase  pollutant  loadings  into  the  Pearl  Harbor  Estuary,  a  Class  2  Inland 
Water  body,  with  increased  WWTP  flows.  Brine  disposal  by  percolation  and  evaporation  would 
also  be  impractical  due  to  the  large  associated  land  requirement.  Of  the  remaining  two 
alternatives,  disposal  using  underground  injection  wells  would  be  more  feasible  economically 
than  disposal  through  a  new  outfall,  due  to  the  quantity  of  water  involved. 

Desalination  brine  would  be  injected  into  the  caprock  formation  which  stretches  for  several  miles 
along  the  southern  Oahu  coastline.  See  Section  2.3.1  for  information  regardingthe  injection  well 
receiving  environment.  As  indicated  in  Section  2.3.3,  the  proposed  injection  well  field  is  located 
in  an  area  identified  as  a  jurisdictional  wetland.  All  required  permits  would  be  obtained  prior  to 
construction. 


"Belt  Collins  &  Associates  (December  1 993a)  fast  Mamala  Bay  Wastewater  Facilities  Plan.  Prepared  for  the  City  and  County 
of  Honolulu,  Department  of  Wastewater  Management 

^^State  of  Hawaii,  Department  of  Finance,  Property  Assessment  Division,  Tax  Maps  Section.  Tax  Maps:  First  Division,  Zone  1 , 
Section  1,  Plats  1,  2,  3,  and  10. 


2-60 


642.0200/005-1  k3/15/01 


'V  / 


/>*<y'>v/;vHH  /  S-' '/'  ■^V 

/''!''Cr' ■'/>  /  :/T'/ ^  ,£L-^: . . .^';/'^'''n^ 

;y.;^/;'V:\;'y z^- 

Point/./"  "'H/  ^  ^'Vy  ^  ^  IV  .  7^ 

Ik  V'W'V.  >/'Xv/  /  /*'<.  ''  yv  . 


>  y#  r 

>J./A  "•■ 


^'t.  t- 


.'  -/'IM 

y-  v;  X 

.4:  il'.t  A  T  !  0  .s 


Vaipio  Ft 


X-  Xv  /A 

M  ■'  ^  ■ 

If..^  . , /f "'feVof  \  /^j, 
iX.  /Xv 


„n/a'\4|: 


WWTP  AT 
FORT 
KAMEHAMEHA 


>  pt  jfl  z"  W  \  X^IS//  4 

^.r\  ''■#/"  AS 

y^n/^,,.  '  ;  '  [• . '“'^'i 

m  i\/x  /  y  y  \  is 


H  |[;  G  K  \a.,,.,hickai 

/  G-OOLF( 


F  0  R  C  E\  B 


wf^- 

il  \J^^\  /  .- ' 


B  ;sr,o  p\-;,./,^  '\  ^r  \-  44 

Point  6  '-x 

^5^  •v'zssfe  ,' 


A.  •'"'’ovWr 


7  /  o  \XV<.A' A  \ 

'  ^  .  A^t  \  \  V.  A  /  -  A  i 


‘nvAA'Av 


'/„  '’^4z,'"\/v,x, A../;,  /  y'^yy.y  x 


f  y 2  ■" 


mjs 

.#*\^ 


X  /:;  Hammer  «-«# 


..  •\\i'A4^'  X...../y/ ' 


Iqualization 

RESERVOIR  AND 
WWPS 


""®C.... .  •  ■■ ' 

X  \ 

f  \\ 

■'  jN 

•■ . " 

1 

'■  /  O' \Z 

\ 

/•  p^|ii>.... 

% 

gy . 

.'  'q:q 
'} 

/■■y  ^ 

-/  V 

11 

OS5f 

if-Pz 

^”Mr  X/rT 

51K?.  -.‘.nA  i-P  '  -  POTENTIAL  BRINE  ■ 

.  DISPOSAL  AREA 


A  M  rL  y ; . ,. 


4  Hkkitm  HdrhiT: 


Source:  USGS  Pearl  Hart)or,  Hawaii  Quadrangle,  7.5  minute  Topographic  Series.  1983 


0  1000  2000  4000 


LEGEND 


SCALE  IN  FEET 
0  250  500 


0  250  500  1000m 

NORTH  SCALE  IN  METERS  1 :24.000 


I  ;/  ■  4  -]  Potential  Reuse  Area 

— New  Transmission  Piping 
HMiHi  with  Direction  of  Flow 

□  WWPS  New  Wastewater  Pumping  Station 


76cm 

30cm 


HICKAM  PAR  3 
GOLF  COURSE 


?/%*>•■  •■'■■  ^  5.4/.  7’ 

%-r'' ->.-■'?■  (c- 4-^^^  ■ 

^>■1: -;  '^^'fcS^NAVY  MARINE  / 


^.NAVY  MARINE  I 
SGqLF=  COURSE 


lOlA.  ••  o.y.  -':  ■•  f'<«S!?r^''  V- 

^  ??  y^VV/^  W  'C  -V,  ‘ 


c  ;•/£.$  sV£ia  V  I  at- 

m/n-  ^./-'^f  T''.-'-"-  '•'■XT'rX- 

7''=^  xj:f' ’•  X-'"  ■ 


-V.;- 

/  '■'.’•'A,  '?Cj''f  >?s.^;r'-' "•'■',>•• — ■  "' 


'V-'' 


WWPS 


HONOLULU-“--^-.i  .  ■■ 

'  INTERNATIONAL  ..vX'XX'X  ' 
j;  A-J  ",  AIRPORT  X4>XXa\,, 

\\A>r4  \\.,.  .  :'  [  llt^T''X',„;.X- 


. . )\,>V»J 


.  '  V  \  /  (  '  J^/  A 

"I  —  . -  -  ■■■  ■%  \  \  X  X  i  X  V 

RESKRVATK3N'  V-  -  )\  y' ,.■  (■  '■"-  '  > 


—  T  r  o 


9^?^Kyy->^y  y 

\yy  y  y ':-  ,'f  ■ 


yyyyyy.A'-^k 

.  yy  yfw 

yyXi-  y'/'  ^ 

%  X  My 

.y  "'■v,'-'’"  >  '  ♦'  '^‘jfy 

X\-yy^i^.,.  *yy 


fi-  /"X  X'y  •  ' 

I  yyy^ 


K  B'E  H  1 


I  """'  '"' 


G  0  0  h 


/on  D^o  76cm  (30  Inch)  Diameter  Reinforced 
76cm  (30  inch)  RCP  concrete  Pipe 

arinm  /10  lr^f^v^\  Dvr  ^Ocm  (12  inch)  Diameter  Polyvinyl 
30cm  (12  inch)  PVC  chloride  Pipe 


Figure  2.7-1 

POTENTIAL  IRRIGATION  REUSE  AREAS 


EIS  for  Outfall  Replacement,  WWTP  at  Fort  Kamehameha 

March  2001 


Final  Environmental  Impact  Statement 

Outfall  Replacement  for  WWTP  at  Fort  Kamehameha 


Proposed  Action  and  Alternatives 
March  2001 


2.7.2  Regulatory  Constraints  and  Requirements 

2.7.2.1  DOH  Reuse  Guidelines 

The  DOH  Wastewater  Branch  regulates  wastewater  reuse  to  protect  public  health  and  the 
environment.  The  DOH's  Guidelines  for  the  Treatment  and  Use  of  Reclaimed  Water 
(November  1 993)  defines  levels  of  wastewater  treatment,  permissible  uses  for  treated  wastewater, 
and  monitoring  and  reporting  requirements.  Additional  requirements  contained  in  HAR 
Chapter  1 1-62,  "Wastewater  Systems,"  are  applicable  to  the  use  of  reclaimed  water  on  nonfederal 
lands  only.  The  DOH  regulates  brine  disposal  from  the  desalination  process,  and  other  agencies 
regulate  activities  related  to  construction  impacts. 

Treatment  Required  for  Wastewater  Reuse 

The  allowable  uses  of  reclaimed  wastewater  vary  with  degree  of  treatment.  The  DOH  has  defined 
three  levels  of  wastewater  treatment,  identified  as  R-1,  R-2  and  R-3,  that  are  suitable  for  different 
types  of  reuse  application.  All  three  levels  of  treatment  require  that  wastewater  initially  be  treated 
to  a  secondary  level.  Additional  requirements  for  each  of  these  three  DOH-defined  levels  of 
treatment  are  as  follows: 

•  R-1— "Virtually  Pathogen-Free"  Effluent.  Oxidized.  Filtered,  and  Disinfected.  The  disinfection 
process  must  reduce  concentrations  of  a  plaque-forming  tracer  virus  to  less  than  1/1 0,000  of 
its  initial  concentration.  The  wastewater  must  be  filtered  prior  to  disinfection  to  remove 
suspended  solids  that  could  shield  pathogens  during  disinfection. 

•  R-2 — Oxidized  and  Disinfected  Effluent.  The  concentration  of  fecal  coliform  bacteria  must  not 
exceed  50  colony-forming  units  per  100  milliliter  for  any  sample.  Filtration  prior  to 
disinfection  is  not  required.  Effluent  from  the  WWTP  at  Fort  Kamehameha  is  treated  to  an 
advanced  secondary  level,  filtered,  and  disinfected. 

•  R-3— Oxidized.  Undisinfected  Secondary  Effluent.  For  R-3  quality  water,  effluent  must  be 
treated  to  a  secondary  level  as  defined  above.  R-3  quality  water  does  not  have  a  disinfection 
requirement.'”  Effluent  from  the  WWTP  at  Fort  Kamehameha  currently  meets  oxidation  and 
suspended  solids  requirements  for  R-3  water.  However,  the  effluent  is  too  saline  for  irrigation 
use  without  desalination.'*^ 

If  reused  for  irrigation,  effluent  from  the  WWTP  at  Fort  Kamehameha  would  likely  be  treated  to 
R-1  quality.  The  saline  effluent  must  be  desalinated  prior  to  reuse,  and  RO  desalination  technology 
would  disinfect  as  well  as  desalinate  the  effluent.'*^ 

Permissible  Use  of  Reclaimed  Effluent 

Permissible  uses  of  R-1,  R-2,  and  R-3  quality  water  include  surface,  drip,  or  subsurface  irrigation 
of  fodder  and  seed  aops,  orchards,  and  food  crops  undergoing  substantial  processing  before 
human  consumption.  Additional  uses  of  R-1  and  R-2  quality  water  include  spray  irrigation; 
irrigation  of  golf  courses,  freeways,  and  cemeteries;  dust  control;  industrial  processes;  and 
conaete  manufacture.  R-1  quality  water  can  be  used  in  areas  where  the  public  has  potential  to 
contact  the  water,  including  the  irrigation  of  public  parks  and  athletic  fields,  commercial  laundry 

^State  of  Hawaii,  Department  of  Health  (November  1993)  Guidelines  for  the  Treatment  and  Use  of  Reclaimed  Water. 

^^Metcalf  &  Eddy,  Inc.  (1991). 

^'’Metcalf  &  Eddy,  Inc.  (1991). 
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water  supply,  toilet  and  urinal  flushing,  fire  protection,  decorative  fountains,  recreational 
impoundments,  and  washing  of  hard  surfaces.'*^ 

Reclaimed  water  cannot  be  used  near  potable  water  supply  wells  or  sprayed  in  a  manner  such  that 
it  could  impact  human  health.  R-1,  R-2,  and  R-3  water  cannot  be  applied  within  15  m  (50  ft),  30  m 
(100  ft),  and  45  m  (150  ft),  respectively,  of  a  drinking  water  supply  well.  R-1,  R-2,  and  R-3  water 
cannot  be  impounded  within  30  m  (100  ft),  90  m  (300  ft),  and  300  m  (1,000  ft),  respectively,  of 
a  drinking  water  supply  well. 

Storage  and  Alternative  Disposal  Requirements 

If  reclaimed  water  is  to  be  used  for  irrigation  on  nonfederal  lands,  HAR  Chapter  11-62  and  DOH 
guidelines  require  that  an  alternate  disposal  means  or  a  temporary  storage  impoundment  be 
provided.  They  must  be  able  to  accommodate  wastewater  flows  in  excess  of  irrigation  needs  and 
any  treated  wastewater  of  inadequate  quality  for  irrigation  reuse. 

It  is  projected  that  the  existing  WWTP  outfall  would  remain  in  service  as  an  alternate  disposal 
facility  for  effluent  that  cannot  be  reused  due  to  inadequate  irrigation  demand  or  inadequate 
effluent  quality.  Because  nutrients  and  other  pollutants  in  the  WWTP  effluent  would  be 
concentrated  in  the  desalination  brine  and  discharged  to  the  injection  wells,  excess  reuse  water 
could  be  discharged  through  the  existing  outfall,  precluding  the  need  for  a  wet  weather  storage 
impoundment. 

If  a  replacement  outfall  is  constructed  at  this  time,  it  would  not  preclude  future  effluent  reuse.  The 
proposed  replacement  outfall  could  be  potentially  used  for  brine  disposal  as  well  as  disposal  of 
effluent  in  excess  of  reuse  requirements. 

Monitoring  and  Public  Awareness  Requirements 

DOH  guidelines  require  that  detailed  O&M,  public  education,  employee  training,  and  water 
quality  monitoring  plans  be  developed  for  areas  where  reclaimed  wastewater  is  used.  Monitoring 
wells  and  lysimeters''®  must  be  installed  around  irrigated  areas,  periodic  water  quality  samples 
collected,  and  monitoring  reports  submitted  to  the  DOH.  Signs  must  be  posted  around  reuse  areas 
advising  the  public  that  reclaimed  water  is  being  used  and  the  appropriate  measures  to  take  if 
contact  occurs.  Employees  working  around  reclaimed  water  need  to  be  educated  about  potential 
health  risks  and  the  precautions  to  be  taken  in  their  work.'*® 

2.7.2.2  Desalination  for  Irrigation 

Effluent  from  the  WWTP  at  Fort  Kamehameha  is  highly  saline,  with  chloride  concentrations 
generally  ranging  from  3,500  mg/I  to  5,500  mg/l.®°  Its  high  concentrations  of  sodium  and 
chlorides  preclude  its  reuse  for  irrigation  without  desalination.  Irrigating  without  desalination  can 
kill  plant  life,  lead  to  harmful  accumulations  of  salts  and  minerals  in  soils,  adversely  impact  soil 
permeability,  and  deteriorate  irrigation  delivery  systems.  For  general  irrigation  needs,  the 
concentration  of  chlorides  in  irrigation  water  should  be  below  300  mg/I.®' 


^^State  of  Hawaii,  Department  of  Health  (November  1 993). 

lysimeter  is  a  subsurface  container  that  collects  water  percolating  through  the  root  zone. 
^^State  of  Hawaii,  Department  of  Health  (August  1991). 

^°U.S.  Navy,  Pacific  Division,  Naval  Facilities  Engineering  Command  (1996). 

^^Metcalf  &  Eddy,  Inc.  (1991). 
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2.7.2.3  Brine  Disposal  Regulations 

Underground  injection  of  desalination  brine  is  regulated  under  HAR  Title  11,  Chapter  23, 
"Underground  Injection  Control"  (UlC).  The  caprock  aquifer  into  which  brine  would  be  injected 
is  an  "exempted"  aquifer,  one  which  the  DOH  has  excluded  as  underground  source  of  drinking 
water. “  Specific  regulatory  requirements  for  the  siting,  design,  construction,  and  operation  of 
injection  wells  are  discussed  above  in  Section  2.3.2. 

It  is  assumed  that  the  existing  WWTP  outfall  could  be  used  as  a  backup  disposal  system  for  the 
injection  wells.  With  the  existing  outfall  only  used  for  backup  purposes,  discharges  to  the  Pearl 
Harbor  Estuary  would  only  occasionally  occur  with  a  corresponding  decrease  of  WWTP  pollutant 
loadings  from  existing  conditions. 

2.7.2.4  Other  Regulatory  Requirements 

Federal  Aviation  Administration 

Construction  activities  for  a  reuse  system  would  occur  in  the  vicinity  of  the  Honolulu  International 
Airport.  Any  construction  activity  near  an  airport  is  subject  to  FAA  requirements.  Under  the  FAA's 
Western  Pacific  Region,  a  Notice  of  Proposed  Construction  (permit  number  7460-1)  would  have 
to  be  obtained.  The  FAA  would  distribute  a  NOTAM  warning  to  airaaft  using  the  airport. 
Depending  on  its  location  and  height,  construction  equipment  might  directly  impact  flight  lines 
at  the  Honolulu  International  Airport.  The  booms  of  any  cranes  would  need  to  be  flagged  and 
lighted  and  could  not  exceed  30  m  (100  ft)  in  height. 

Endangered  Species  Act 

Because  construction  activities  would  take  place  in  developed  areas,  they  would  not  be  expected 
to  jeopardize  the  continued  existence  of  any  endangered  or  threatened  species.  However, 
Section  7  of  the  ESA  of  1973  requires  consultations  with  the  USFWS,  the  NMFS,  or  both  agencies, 
when  proposed  federal  actions  may  affect  listed  (threatened  or  endangered)  species  or  result  in 
the  destruction  or  adverse  modification  of  critical  habitat  designated  for  such  species.  If  any  area(s) 
proposed  for  construction  of  reuse  facilities  contain  listed  species  or  are  designated  critical  habitat 
for  such  species,  ESA  consultation  would  be  required. 

Magnuson-Stevens  Act/Sustainable  Fisheries  Act 

The  reuse  alternative  is  not  expected  to  impact  any  designated  EFH  or  HAPC.  The  Magnuson- 
Stevens  Act  requires  that  the  NMFS  be  consulted  when  a  proposed  federal  action  may  adversely 
affect  EFH  or  HAPC. 

Protection  of  Wetlands 

Executive  Order  11990,  dated  May  24,  1977,  directs  federal  agencies  to  avoid  long-term  and 
short-term  adverse  impacts  associated  with  the  destruction  or  modification  of  wetlands,  and  to 
avoid  direct  or  indirect  support  of  new  construction  in  wetlands.  Construction  activities  associated 
with  the  reuse  alternative  have  the  potential  to  damage  wetland  areas,  depending  on  the  site 
location. 


®^State  of  Hawaii,  Department  of  Health  (September  1992). 


2-65 


Final  Environmental  Impact  Statement 

OuTEALL  Replacement  for  WWTP  at  Fort  Kamehameha 


Proposed  action  and  Alternatives 
March  2001 


Cultural  Resources 

Section  1 06  of  the  NHPA  of  1 966  and  36  CFR  800  require  federal  agencies  to  consider  the  effects 
of  their  actions  on  historic  sites.  The  SHPO  would  need  to  be  consulted  to  determine  means  to 
avoid  or  minimize  adverse  impacts  on  historic  sites. 

Signed  into  law  in  1990,  NAGPRA  is  intended  to  protect  Native  American  (including  Native 
Hawaiian)  graves.  It  provides  for  the  inventory  and  repatriation  of  Native  American  human 
remains  and  associated  funerary  objects  and  addresses  the  conditions  and  circumstances  when 
Intentional  Excavation  and  Removal  of  Native  American  Human  Remains  and  Objects  is 
permitted.  Regulations  providing  procedures  are  found  at  43  CFR  10.3.  If  Hawaiian  burials  are 
encountered,  NAGPRA  requires  consultations  with  appropriate  Native  Hawaiian  organizations. 

Coastal  Zone  Management 

The  Hawaii  CZM  program,  which  has  been  approved  by  the  U.S.  Department  of  Commerce,  is 
administered  by  DBEDT.  Although  the  state's  CZM  program  does  not  apply  to  lands  and  waters 
under  federal  ownership  or  exclusive  control,  consistency  with  the  state's  CZM  program  would 
be  required  for  reuse  facilities  on  land  at  and  near  the  Honolulu  International  Airport  that  is  not 
under  federal  control.  Construction  activities  for  the  reuse  system  within  the  CZM  area  would 
require  coordination  with  state  and  local  agencies. 

Flood  Plain  Management 

Executive  Order  11988,  issued  May  24,  1977,  provides  floodplain  management  direction  for 
federal  agencies  for  avoiding  to  the  extent  possible  the  long-term  and  short-term  adverse  impacts 
of  occupying  and  modifying  floodplains,  and  for  avoiding  direct  and  indirect  support  of  floodplain 
development  whenever  this  is  practical.  Although  some  reuse  sites  would  be  located  in  floodplain 
areas,  the  alternative  would  be  designed  to  minimize  impacts  on  the  floodplains.  Impacts  would 
also  be  minimized  through  the  use  of  BMPs  and/or  SOPs. 

Environmental  Justice  for  Minority  and  Low  Income  Populations 

Executive  Order  12898,  issued  February  11,  1994,  requires  federal  agencies  to  identify  and 
address,  as  appropriate,  the  potential  for  disproportionately  high  and  adverse  environmental  effects 
of  its  actions  on  minority  and  low-income  populations.  Therefore,  the  impacts  on  minority  and 
low-income  populations  would  be  identified  and  mitigated,  if  necessary. 

2.7.3  Physical  Description  of  Reuse  Facilities 

To  protect  public  health,  preserve  irrigated  landscaping,  and  prevent  damage  to  equipment, 
effluent  from  the  WWTP  at  Fort  Kamehameha  must  be  treated  to  R-1  quality  and  desalinated  prior 
to  reuse  as  irrigation  water.  Current  wastewater  treatment  facilities  at  Fort  Kamehameha  have  the 
potential  to  produce  R-1  quality  effluent.  However,  without  costly  additional  treatment, 
wastewater  salinity  would  kill  any  irrigated  landscaping.  Consequently,  additional  treatment 
facilities  would  be  needed  to  desalinate  the  effluent  and  to  ensure  the  production  of  R-1  quality 
water. 

At  the  WWTP,  a  new  short-term  storage  impoundment,  or  equalization  reservoir,  would  be 
required  toretain  reclaimed  water  for  use  until  needed.  This  storage  impoundment  would  equalize 
diurnal  flows  of  wastewater  and  irrigation  demand  but  would  not  be  used  for  effluent  in  excess 
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of  the  daily  demand  for  reclaimed  water  or  for  effluent  of  inadequate  quality.  From  the  WWTP, 
new  transmission  infrastructure  would  convey  the  desalinated  and  disinfected  effluent  to 
individual  reuse  areas.  Existing  distribution  infrastructure  within  each  of  the  reuse  areas  would 
have  to  be  modified  to  use  reclaimed  water.  Finally,  groundwater  monitoring  wells  and  lysimeters 
would  need  to  be  installed  in  these  areas  and  signs  posted  advising  the  public  that  reclaimed  water 
is  in  use.^^ 


2. 7.3.1  Wastewater  Treatment  Facilities 

Effluent  from  the  WWTP  at  Fort  Kamehameha  generally  meets  DOH  treatment  standards  for  five- 
day  biochemical  oxygen  demand,  total  suspended  solids,  and  pH.^'*  Major  components  necessary 
to  produce  R-1  quality  water,  such  as  aeration,  sedimentation,  filtration,  and  disinfection  facilities, 
are  present  at  the  WWTP  at  Fort  Kamehameha.  However,  production  of  R-1  effluent  would  be 
subject  to  additional  monitoring  and  possibly  would  require  modification  of  plant  facilities  and/or 
operations. 

2.7.3.2  Desalination  Treatment  Facilities 

As  discussed  in  Section  2. 7.2.2,  current  chloride  concentrations  in  the  effluent  range  between 
3,500  mg/I  and  5,500  mg/I,  too  high  to  use  for  irrigation.^^  Desalination  could  reduce  chloride 
concentrations  to  meet  irrigation  water  requirements.  However,  an  approximately  80  percent 
reduction  from  current  levels  to  about  1,000  mg/I  may  be  acceptable  for  irrigation  of  certain 
plants.^^  Desalination  of  the  effluent  is  discussed  below. 

Desalination  Technology 

There  are  three  general  types  of  desalination  technology:  phase  change,  ion  exchange,  and 
membrane.  RO  and  electrodialysis  reversal  (EDR),  both  membrane  technologies,  are  generally 
used  for  large-scale,  land-based  desalination.  Although  phase  change  technologies  are  widely  used 
for  shipboard  desalination  and  ion  exchange  technologies  are  widely  used  to  create  ultra-pure 
water,  the  former  has  a  large  energy  requirement  and  the  latter  a  large  chemical  requirement, 
rendering  both  uneconomical  for  large-scale  desalination.^^  Because  the  energy  requirements  for 
the  EDR  processes  increase  directly  with  salinity,  RO  desalination  is  generally  more  cost  effective 
than  EDR  when  the  total  dissolved  solids  concentration  exceeds  3,000  mg/I,  such  as  at  Fort 
Kamehameha.^® 

Desalination  Equipment 

A  conceptual  RO  desalination  system  for  the  WWTP  at  Fort  Kamehameha  would  include  a  flow 
equalization  basin,  pretreatment  chemical  addition  and  pH  adjustment,  high-pressure  feed  pumps, 
and  RO  membranes.  With  a  wastewater  inflow  of  49,000  mVday  (1 3  mgd)  and  a  recovery  rate  of 
75  percent,  the  RO  desalination  system  would  produce  approximately  36,800  mVday  (9.7  mgd) 


^^State  of  Hawaii,  Department  of  Health  (November  1993). 

^State  of  Hawaii,  Department  of  Health  (November  1993;  U.S.  Navy,  Pacific  Division,  Naval  Facilities  Engineering  Command 
(1996). 

^^U.S.  Navy,  Pacific  Division,  Naval  Facilities  Engineering  Command  (1996). 

"^Metcalf  &  Eddy,  Inc.  (1991). 

^^CH2M  Hill  (August  1985)  Proposed  Demonstration  Desalting  Plant,  Volumes  1  and  2.  Prepared  for  the  State  of  Hawaii, 
Department  of  Land  and  Natural  Resources  Report  R-74;  Holmes  &  Narver,  Inc.  (june  1974)  Water  Desalting  in  Hawaii.  Prepared 
for  the  State  of  Hawaii,  Department  of  Land  and  Natural  Resources. 

^®CH2M  Hill  (August  1985);  Holmes  &  Narver,  Inc.  (june  1974). 
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of  reclaimed  water  for  irrigation.  Chemicals  would  be  added  prior  to  entry  of  wastewater  to  the 
RO  units,  to  inhibit  membrane  scaling  and  adjust  effluent  pH. 

Land  Requirement  for  the  Desalination  System 

The  additional  treatment  facilities  for  effluent  reuse  would  require  approximately  1  ha  (2.5  ac)  and 
would  need  to  be  located  on  vacant  land  around  the  existing  WWTP  facilities.  Of  the  1  ha  (2.5  ac), 
the  flow  equalization  basin  would  require  approximately  0.35  ha  (0.9  ac). 

2.7.3.3  Disinfection  Facilities 

As  the  general  public  might  be  present  while  reclaimed  effluent  is  being  used  for  irrigation,  the 
effluent  must  be  disinfected  in  accordance  with  DOH  guidelines  for  R-1  quality  water.  The  RO 
membranes  would  remove  pathogens,  likely  disinfecting  the  effluent  to  an  R-1  level  at  the  same 
time  as  desalination.  Pathogens  removed  by  the  process  would  be  discharged  with  the  reject  brine. 
The  UV  system  recently  installed  atthe  WWTP  could  be  used  for  brine  disinfection  alongwith  the 
addition  of  sufficient  chlorine  to  prevent  biological  growth  which  could  clog  the  injection  wells. 
With  DOH  approval,  only  the  reject  brine  would  need  to  be  passed  through  the  UV  disinfection 
process,  reducing  the  overall  UV  disinfection  requirement  at  the  WWTP  by  about  75  percent. 

2.7.3.4  Transmission  Infrastructure  for  Reclaimed  Effluent 

New  transmission  infrastructure  would  be  required  to  convey  treated  effluent  from  the  WWTP  to 
individual  reuse  areas.  As  conceived,  a  36,800  m^  (9.7  million  gallon  [gal])  reservoir  would  be 
used  for  storage  of  desalinated,  disinfected  effluent.  Because  most  irrigation  demand  is  at 
nighttime,  this  reservoir  would  store  effluent  until  required  by  users.  As  identified  in 
Section  2. 7.2.1,  excess  effluent  would  be  discharged  through  the  existing  outfall.  A  new  pumping 
station  would  draw  treated  wastewater  from  the  reservoir  and  pump  it  via  an  approximately 
3.0-km  (1.9-mi)-long,  30-cm  (12-inch)-diameter  polyvinyl  chloride  (PVC)  main  to  the  Hickam 
Mamala  Bay  Golf  Course.  The  pumping  station  would  also  feed  an  approximately  6.1 -km  (3.8-mi)- 
long,  76-cm  (30-inch)-diameter  reinforced  conaete  pipe  (RCP)  main  to  the  Hickam  Par  3  Golf 
Course  and  the  Honolulu  International  Airport.  A  second  new  booster  pumping  station  near  the 
airport  would  draw  effluent  from  the  76-cm  (30-inch)  RCP  main  and  pump  it  to  the  Navy-Marine 
Golf  Course  via  a  2.2-km  (1 .4-mi)-long,  30-cm  (12-inch)-diameter  PVC  main.  Transmission  lines 
would  be  routed  along  existing  roadways  wherever  possible,  and  pumping  and  storage  facilities 
would  be  located  on  vacant  Air  Force-  or  Navy-owned  land.  Figure  2.7-1  shows  transmission 
infrastructure. 

2.7.3.5  Distribution  Infrastructure  for  Reclaimed  Effluent 

Existing  irrigation  systems  atthe  golf  courses  and  the  Honolulu  International  Airport  could  be  used 
for  effluent  application.  However,  the  existing  systems  would  need  to  be  retrofitted  to  prevent 
inappropriate  use  of  the  reclaimed  effluent  and  aoss-connection  with  other  water  or  wastewater 
systems.  The  systems  using  reclaimed  water  would  need  to  be  completely  separated  from  other 
domestic  water  supply  systems.  Components  would  need  to  be  clearly  marked  to  indicate  that 
reclaimed  water  was  being  distributed  and  appurtenances  modified  to  prevent  inappropriate  use. 
Section  2.7.4  further  discusses  the  construction  activities  for  retrofitting  existi ng  nonpotable  water 
systems. 
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2.7.3.6  Brine  Disposal  Infrastructure 

Desalination  brine  would  be  pumped  to  two  new  50-cm  (20-inch)-diameter  injection  wells  on 
vacant  land  east  of  the  WWTP.  An  approximately  500-m  (1 ,640-ft)-long,  91  -cm  (36-inch)-diameter 
pipeline  would  be  required  to  convey  effluent  from  the  WWTP  to  the  wells.  New.  low-pressure 
booster  pumps  would  be  required  to  pump  the  water  through  the  line.  If  the  shallow  limestone 
layer  under  the  WWTP  extends  to  a  depth  of  at  least  80  rp  (260  ft),  the  new  injection  wells  should 
be  solid  cased  for  their  first  30  m  (100  ft)  and  left  open  for  the  remaining  50  m  (160  ft).  The 
anticipated  well  casing  is  35-cm  (14-inch)  PVC.  The  wells  would  need  to  be  spaced  at  least  30  m 
(100  ft)  apart.  To  help  remediate  future  well  degradation,  a  backflush  system  would  be  installed 
for  each.  Similarly,  as  nutrients  can  cause  biological  growth  in  wells  and  permanently  impair  well 
capacity,  the  brine  should  be  chlorinated  to  mitigate  nutrient  growth  and  preserve  well  capacity. 
As  the  existing  WWTP  chlorination  facility  has  been  decommissioned,  a  new  chlorination  facility 
would  have  to  be  constructed  as  a  part  of  the  brine  disposal  system. 

2.7.3.7  Monitoring  and  Compliance  Infrastructure 

Under  DOH  guidelines,  nine  new  monitoring  wells  and  seven  lysimeters  would  need  to  be 
installed  for  the  purposes  of  monitoring  groundwater  quality.  Each  of  the  four  reuse  sites  would 
require  one  upgradient  or  crossgradient  monitoring  well  and  one  downgradient  monitoring  well. 
A  reuse  site  such  as  the  airport,  which  covers  more  than  400  ha  (1,000  ac),  would  require  an 
additional  downgradient  monitoring  well.  With  one  lysimeter  installed  for  every  80  ha  (200  ac) 
of  irrigated  area,  the  two  Hickam  golf  courses  would  need  one  each,  the-Navy-Marine  Golf  Course 
two,  and  the  airport  three.  The  DOH  may  adjust  the  required  number  of  lysimeters  and  monitoring 
wells  to  address  public  health  or  environmental  protection  concerns.®® 

Signs  would  have  to  be  posted  within  each  reuse  area  statingthat  reclaimed  water  was  being  used 
and  that  it  was  not  for  drinking.®® 

2.7.4  Construction  Methodology 

Construction  activities  for  effluent  reuse  from  the  WWTP  at  Fort  Kamehameha  would  include 
clearing,  grading,  excavation,  trenching,  erection  of  new  structures,  and  installation  of  modular 
pumping  and  treatment  units.  In  general,  construction  activities  for  treatment,  transmission, 
distribution,  and  monitoring  and  compliance  infrastructure  could  proceed  independently. 

2.7.4.1  Treatment  Facilities 

Construction  of  additional  treatment  facilities  would  be  limited  to  the  immediate  vicinity  of  the 
WWTP  at  Fort  Kamehameha.  General  site  workfor  the  entire  facility  would  include  clearing,  finish 
grading,  drainage  improvements,  paving  of  new  access  roads,  and  perimeter  fencing.  Pumps, 
chemical  addition  units,  and  desalination  units  would  likely  be  modular,  minimizing  on-site 
fabrication  requirements. 

Construction  of  a  new  flow  equalization  basin  for  the  desalination  facility  would  generate 
approximately  1 1,000  m®  (14,400  yd®)  of  material.  This  material  must  be  dewatered  and  hauled 
off  site  for  disposal.  As  excavated  material  could  likely  be  dewatered  within  the  excavation  of  the 
flow  equalization  basin,  dewatering  effluent  would  not  need  to  be  discharged  off  site. 


^^State  of  Hawaii,  Department  of  Health  (November  1993). 
^^State  of  Hawaii,  Department  of  Health  (November  1993). 
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2.7.4.2  Transmission  Infrastructure 

Construction  of  new  transmission  infrastructure  would  involve  a  new  storage  reservoir,  two  new 
pump  stations,  and  transmission  lines  to  reuse  areas.  Construction  of  a  storage  reservoir  would  be 
similar  to  construction  of  the  flow  equalization  basin  for  the  desalination  plant.  Excavated  material 
from  the  center  of  the  reservoir  could  possibly  be  used  to  build  the  berms  around  the  outside. 
Construction  of  the  new  pump  stations  would  require  general  site  clearing,  limited  grading, 
construction  of  a  new  structure  and  booster  pump  pads,  installation  of  pumps  and  piping,  and 
perimeter  fencing. 

New  transmission  lines  along  roadways,  primarily  within  Hickam  AFB  (see  Figure  2.7-1),  could 
be  constructed  using  conventional  trenching  methods  or  micro-tunneling.  For  trenching,  the 
contractor  would  excavate  a  section  of  trench,  install  the  pipe  and  bedding,  backfill  the  trench, 
and  repave  the  road.  Microtunneling  would  limit  surface  construction  activities  to  access  pits 
approximately  every  100  m  (330  ft)  along  the  transmission  main  alignments  and  staging  areas. 

2.7.4.3  Distribution  Infrastructure 

Although  it  is  proposed  that  the  existing  nonpotable  distribution  infrastructure  be  used  within  the 
golf  courses  and  airport,  these  nonpotable  systems  must  be  retrofitted  to  be  completely  separate 
from  other  water  supply  systems.  Appurtenances  may  need  to  be  modified  to  prevent 
inappropriate  use  of  the  reclaimed  water  and  measures  implemented  to  prevent  cross-connection 
with  other  utilities.  Based  on  DOH  Guidelines  for  effluent  reuse,  construction  activities  to  retrofit 
existing  systems  for  irrigation  reuse  would  include  the  following: 

•  Distribution  System  Isolation.  Distribution  systems  for  reclaimed  effluent  must  be  completely 
separated  from  other  water  supply  systems. 

•  Marking  of  Distribution  System  Components.  To  prevent  inappropriate  use  of  reclaimed  water 
or  inadvertent  cross-connections  to  the  reclaimed  water  system,  all  aboveground  components 
of  the  reclaimed  system  must  be  clearly  marked. 

•  Additional  Considerations.  Distribution  reservoirs  must  have  signs  indicating  that  reclaimed 
water  is  impounded  and  that  it  should  not  be  touched  or  drunk.  Any  hose  bibs  on  the  existing 
systems  converted  to  reclaimed  use  should  be  retrofitted  with  couplers  that  are  different  from 
those  on  the  potable  system.*’ 

2.7.4.4  Brine  Disposal  Infrastructure 

Wells  would  be  drilled  using  either  a  rotary  or  cable  tool  method.  Drilling  rigs  would  not  exceed 
the  30-m  (100-ft)  height  limit  set  by  airfield  operations.  The  new  transmission  and  backflush  lines 
would  be  constructed  using  either  trenching  or  micro-tunneling.  The  new  booster  pumps  would 
require  some  site  preparation,  construction  of  booster  pump  pads,  and  installation  of  the  booster 
pumps.  The  chlorination  facility  could  be  incorporated  into  the  booster  pump  facility  with  a 
chlorine  cylinder  crane  and  loading  area,  chlorine  storage  area,  and  installation  of  injection  and 
monitoring  equipment. 


^^State  of  Hawaii,  Department  of  Health  (November  1993). 
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2.7.4.5  Monitoring  and  Compliance  Infrastructure 

Each  of  the  nine  new  monitoring  wells  would  be  drilled  using  a  drilling  rig  and  developed  using 
a  bailer  or  pump.  Each  of  the  seven  lysimeters  would  be  fabricated  before  being  brought  on  site. 
Installation  would  require  excavation,  backfilling  of  the  excavation,  and  sod  restoration.®^ 

Signs  would  need  to  be  posted  within  each  reuse  area  advising  the  public  that  reclaimed  water 
is  being  used  for  irrigation  and  that  it  is  not  to  be  ingested.®^ 

2. 7.4.6  Schedule 

If  construction  of  new  facilities  and  retrofitting  of  existing  distribution  facilities  occurred 
simultaneously,  the  construction  process  could  be  completed  in  about  24  months.  Required 
construction  times  for  specific  components  of  the  reuse  system  are  as  follows: 

•  New  Treatment  Facilities.  Construction  of  new  treatment  facilities,  including  pumps, 
desalination  units,  and  a  flow  equalization  basin,  is  estimated  to  require  18  to  24  months. 

•  NewTransmission  Infrastructure.  Construction  of  new  transmission  infrastructure  would  likely 
require  at  least  six  months. 

•  Distribution  Infrastructure.  Retrofitting  of  each  existing  irrigation  distribution  system  would 
take  three  to  six  months. 

•  Underground  Injection  Wells  for  Brine  Disposal.  Construction  of  each  well  is  projected  to 
require  approximately  30  days.  The  booster  pumps  and  piping  could  be  built  in  less  than  two 
months. 

•  Monitoring  and  Compliance  Infrastructure.  Installation  of  monitoring  and  construction 
infrastructure  would  require  four  to  six  months. 

2.7.5  Routine  Operations  and  Maintenance 

In  general,  the  additional  facilities  required  for  effluent  reuse  can  be  operated  and  maintained  in 
conjunction  with  the  existing  WWTP  and  existing  distribution  systems.  Reuse  would  increase 
energy  consumption  for  wastewater  treatment  due  to  desalination. 

2.7.5.1  Additional  Treatment  Systems 

The  desalination  systems  required  to  reclaim  effluent  for  irrigation  reuse  would  increase  electrical 
power  consumption,  staffing  requirements,  and  maintenance  needs  at  the  WWTP.  It  is  estimated 
that  desalination  would  require  approximately  39  million  additional  kilowatts  of  electricity  each 
year.  Routine  O&M  activities  would  include  chemical  addition  to  inhibit  RO  descaling,  RO 
membrane  cleaning,  and  servicing  of  moving  parts.  RO  membranes  would  need  to  be  changed 
every  few  years. 


^^State  of  Hawaii,  Department  of  Health  (November  1993). 
^^State  of  Hawaii,  Department  of  Health  (November  1993). 
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2. 7.5.2  Transmission  System 

The  transmission  system  can  be  operated  from  the  WWTP  at  Fort  Kamehameha.  Routine 
maintenance  for  the  system  would  include  upkeep  of  the  flow-equalization  basin  and  periodic 
servicing  of  booster  pumps.  After  approximately  10  years,  booster  pumps  should  be  overhauled. 

2.7.5.3  Distribution  System 

Distribution  system  operations  with  reclaimed  water  would  be  similar  to  existing  irrigation  system 
operations.  However,  any  restrictions  on  the  use  of  reclaimed  water  would  need  to  be  listed  near 
irrigation  system  controllers.  Public  advisory  signs  stating  that  reclaimed  water  is  in  use  would 
have  to  be  maintained. 

2.7.5.4  Disposal  of  Desalination  Brine 

Routine  O&M  for  injection  wells  would  include  pumping  water  to  the  wells  and  backflushing  to 
remove  accumulated  sediments  and  bacterial  growth.  Desalination  brine  should  passthrough  the 
recently  completed  UV  disinfection  system  at  the  WWTP  to  minimize  sediments  and 
microorganisms  that  could  potentially  clog  injection  wells.  A  chlorination  facility  would  also  be 
operated. 

2.7.5.5  Monitoring  and  Compliance 

Prior  to  implementing  an  irrigation  program  using  reclaimed  water,  the  DOH  requires  that  detailed 
plans  for  irrigation,  O&M,  public  education,  employee  training,  and  water  quality  monitoring  be 
developed  and  implemented  for  reuse  areas.  Employee  training  and  awareness  programs  must  be 
implemented,  and  baseline  groundwater  quality  samples  collected.  For  reuse  onnonfederal  lands, 
the  DOH  approves  each  plan  and  generally  requires  a  report  on  construction  and 
implementation.*'* 

2.7.6  Construction,  Operations,  and  Maintenance  Costs 

To  enable  an  economic  comparison  with  the  proposed  action  and  other  alternatives,  a  30-year  life- 
cycle  cost  was  calculated  for  effluent  reuse.  However,  to  assess  the  economic  viability  of 
reclaimed  water  relative  to  other  sources  of  irrigation  water,  a  unit  cost  was  also  calculated, 
reflecting  the  cost  of  producing  one  cubic  meter  of  water. 

2.7.6.1  30-Year  Life-Cycle  Cost 

The  cost  to  reuse  effluent  from  the  WWTP  at  Fort  Kamehameha  would  include  desalination, 
transmission  to  reuse  areas,  modification  of  irrigation  distribution  systems,  compliance  with  DOH 
regulations,  and  O&M.  For  the  purposes  of  comparing  effluent  reuse  with  other  alternatives,  only 
additional  costs  associated  with  required  upgrades  for  effluent  reuse  were  considered  in 
calculating  the  30-year  life-cycle  cost.  Costs  assumed  that  the  existing  outfall  could  continue  to 
be  used  with  no  modification.  Additionally,  the  costs  associated  with  effluent  reuse  could  be 
partially  offset  through  the  sale  of  the  reclaimed  water  and  the  avoided  cost  of  not  using  UV 
disinfection  for  wastewater  passing  through  the  RO  membranes.  Assuming  that  all  water  can  be 
sold  and  the  price  of  nonpotable  water  remains  constant,  the  sale  of  36,800  mVday  (9.7  mgd)  k 


^State  of  Hawaii,  Department  of  Health  (November  1993). 
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the  current  BWS  nonpotable  rate  of  $0.30/m^  ($1, 135/million  gal)  would  net  approximately 
$4.0  million  per  year. 

Allowing  for  the  avoided  cost  of  UV  disinfection  and  the  revenues  from  the  sale  of  water,  the 
initial  cost  for  effluent  reuse  is  estimated  to  be  $63.6  million  with  a  30-year  life-cycle  cost  of 
$1 1 7.1  million.  The  energy  requirement  for  effluent  reuse  is  estimated  to  be  41 .25  million  kWh 
per  year  or  about  68,700  barrels  of  oil  per  year.  Table  2.7-1  summarizes  costs  for  effluent  reuse 
and  Table  2.7-2  presents  projected  energy  consumption. 

Table  2.7-1 

Cost  of  Effluent  Reuse 


System  Component 

Annual  . 
O&M  Cost 

Present  Value  of  06;^M 
Cost  for  30  Years 

30-Year 
Life-cycle  Cost 

Direct  Expenses 

Desalination 

$44,810,000 

$7,120,000 

$98,010,000 

$142,820,000 

Transmission  System 

12,540,000 

900,000 

12,390,000 

24,930,000 

Distribution  System  Modifications 

3,250,000 

50,000 

690,000 

3,940,000 

Brine  Disposal 

2,310,000 

280,000 

3,850,000 

6,160,000 

Monitoring  and  Compliance 

690,000 

60,000 

830,000 

1,520,000 

Subtotal:  Direct  Expenses 

$63,600,000 

$8,410,000 

$115,770,000 

$179,370,000 

Revenue  and  Avoided  Expenses 
Revenue:  Water  Sales* 

($4,020,000) 

($55,390,000) 

($55,390,000) 

Avoided  Cost:  UV  Disinfection 

(500,000) 

(6,880,000) 

(6,880,000) 

Total 

$63,600,000 

$3,890,000 

$53,500,000 

$117,100,000 

*  Of  the  49,000  mVday  (1 3  mgd)  of  WWTP  effluent,  it  is  assumed  that  36,800  mVday  (9.7  mgd)  is  desalinated  for 

nonpotable  reuse  and  12,200  mVday  (3.3  mgd)  is  discharged  as  brine. 


Table  2.7-2 

Energy  Requirements  for  Effluent  Reuse 


System  ComDonent 

Transmission 

Total 

Annual  Electricity  Requirement  (kWh) 

Unit  Electrical  Requirement  (kWh/m^ 
[kWh/miilion  gal]  produced) 

39,200,000 

2.91 

(11,000) 

2,050,000 

0.15 

(600) 

41,250,000 

3.06 

(11,600) 

Annual  Oil  Requirement  (barrels) 

65,300 

3,400 

68,700 

2.7.6.2  Unit  Costs  for  Effluent  Reuse 

Water  is  often  sold  based  on  a  unit  cost.  The  unit  cost  is  calculated  as  the  total  annualized  cost 
divided  by  the  number  of  units  produced  in  a  year.  The  total  annualized  cost  includes  recurring 
costs  such  as  O&M  plus  annualized  capital  costs.  Capital  costs  are  annualized  at  a  rate  of 
6  percent  over  a  period  of  30  years  for  the  purpose  of  this  analysis.  The  cost  to  treat  and  deliver 
1  m^  (265  gal)  of  effluent  for  local  reuse  is  estimated  at  $0.96.  With  nonpotable  irrigation  water 
available  from  the  BWS  at  a  cost  of  $0.30  per  m^  ($1 ,1 35/million  gal),  irrigation  reuse  of  effluent 
from  the  WWTP  at  Fort  Kamehameha  is  not  economically  viable  at  the  present  time.“  Table  2.7-3 
summarizes  the  calculation  of  the  unit  cost  of  reclaimed  water. 


“City  and  County  of  Honolulu,  Board  of  Water  Supply  Ouly  1 996)  Schedule  of  Rates  and  Charges. 
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Table  2.7-3 

Unit  Cost  of  Reclaimed  Water* 


System  Component 

Initial/ 

Capital 

Cost 

Annualized 

Initial/ 

Capital 

Cost 

Annual 

O&M 

Cost 

Total 

Annual 

Cost 

Unit  Cost 
($/m^)** 

Unit  Cost 
($/miilion 
gal) 

Direct  Expenses 

Desalination 

$44,810,000 

$3,260,000 

$7,120,000 

$10,380,000 

$0.77 

$2,926 

Transmission 

12,540,000 

910,000 

900,000 

1,810,000 

0.13 

510 

Distribution 

3,250,000 

240,000 

50,000 

290,000 

0.02 

82 

Brine  Disposal 

2,310,000 

1 70,000 

280,000 

450,000 

0.03 

127 

Monitoring  &  Compliance 

690,000 

50,000 

60,000 

110,000 

0.01 

31 

Subtotal:  Direct  Expenses 

$63,600,000 

$4,630,000 

$8,410,000 

$13,040,000 

$0.96 

$3,675 

Revenue  and 

Avoided  Expenses 

Revenue:  Water  Sales 

($4,020,000) 

($4,020,000) 

($0.30) 

($1,133) 

Avoided  Cost: 

UV  Disinfection 

(500,000) 

(500,000) 

($0.04) 

($141) 

Total: 

$63,600,000 

$4,630,000 

$3,890,000 

$0.63 

$2,402 

*  Arithmetic  inconsistences  are  due  to  rounding. 

**  Assumes  36,800  mVday  (9.7  mgd)  of  reclaimed  water  for  365  days. 

2.7.7  Feasibility  of  Effluent  Reuse 

This  alternative  is  conceptual  ly  desirable  but  presently  not  feasible  because  its  cost  far  exceeds  that 
of  other  feasible  disposal  alternatives  if  the  water  produced  is  sold  at  market  prices.  There  would 
be  no  purchasers  for  the  effluent  if  priced  at  its  cost  of  production.  This  alternative  is  not  further 
evaluated. 


2.8  Screening  of  Alternatives 

A  preliminary  evaluation,  or  screening,  of  the  proposed  action  and  alternatives  identified  and 
discussed  in  the  previous  sections  was  performed  to  determine  their  capacity  to  satisfy  the  purpose 
of  and  need  for  the  project  and  possible  environmental  effects  based  on  an  initial  review.  Those 
alternatives  that  "passed"  the  screening,  {i.e.,  met  the  purpose  and  needs,  were  practical  for 
procurement  as  designed  to  meet  these  needs,  and  did  not  have  unacceptable  potential 
environmental  effects)  are  considered  feasible  alternatives  and  are  carried  forward  for  more 
detailed  environmental  analysis  in  Chapter  4.  Those  that  did  not  "pass"  the  screening  are 
eliminated  from  further  consideration. 

2.8.1  Screening  Process 

The  proposed  action  and  alternatives  were  first  evaluated  based  on  whether  or  not  the  disposal 
system  met  the  purpose,  which  is  to  reduce  pollutant  loadings  from  the  discharge  of  wastewater 
effluent  into  the  Wf^LS  of  Pearl  Harbor  Estuary.  The  evaluation  then  focused  on  the  ability  of  each 
alternative  to  satisfy  the  needs  of  the  project,  which  are  to  provide  an  effluent  disposal 
system  that  meets  all  environmental  and  regulatory  constraints  and  is  similar  in  capacity  and 
operational  reliability  to  the  existing  outfall. 


2-74 


Final  Environmental  Impact  Statement 

Outfall  Replacement  for  WWTP  at  Fort  Kamehameha 


Proposed  Action  and  Alternatives 
March  2001 


Costs  of  each  alternative  were  then  considered  separately  in  the  screening  process.  Lastly, 

feasibility  of  implementation  was  considered,  including  construction,  operation,  and  maintenance 

of  the  disposal  system. 

2.8.2  Results  of  Screening 

The  results  of  the  screening  process  are  compiled  in  Table  2.8-1  and  summarized  as  follows: 

•  Replacement  Outfall  (Proposed  Action).  The  proposed  action  meets  the  purpose  and  satisfies 
the  needs  of  the  project.  It  has  a  reasonable  cost  and  can  be  implemented  without  major 
uncertainties  or  unmanageable  problems.  Construction  of  the  replacement  outfall  will  have 
temporary  impacts  on  water  quality  and  living  coral,  but  the  impacts  would  not  be  significant. 
Based  on  these  findings,  this  alternative  is  feasible  and  is  carried  forward  for  detailed 
environmental  impacts  analysis  in  Chapter  4. 

•  Underground  Injection.  Underground  injection  of  effluent  would  eliminate  the  direct 
discharge  of  wastewater  effluent  into  the  Pearl  Harbor  Estuary,  thus  reducing  pollutant 
loadings  into  the  estuary  from  this  source.  The  system  could  also  be  designed  to  satisfy  all 
environmental  and  regulatory  constraints  and  dispose  of  the  same  volume  of  wastewater  as 
the  existing  outfall.  However,  uncertainties  regarding  the  operational  reliability  of  this 
alternative  exist  since  the  effluent  may  migrate  to  nearby  surface  waters,  and  because  there  is 
a  tendency  for  sediment  and  bacterial  growth  to  accumulate  in  and  clog  the  wells.  The  cost 
of  this  alternative  ($34.9  million)  is  comparable.  It  is  unknown  whether  this  alternative  would 
affect  surface  waters  and/or  archaeological  resources.  Although  uncertainties  exist,  they  are 
manageable  and  do  not  make  this  alternative  infeasible.  Thus,  the  underground  injection 
alternative  is  analyzed  in  more  detail  in  Chapter  4. 

•  No  Action.  The  no-action  alternative  does  not  meet  the  purpose  of  the  project  and  will  not 
satisfy  anticipated  future  regulatory  requirements.  Because  this  alternative  proposes  a  status 
quo,  initial  costs  are  low  and  there  is  no  present  problem  with  implementation.  However, 
future  risks  and  associated  costs  of  exceeding  discharge  limitations  may  be  high,  but  cannot 
be  quantified.  In  accordance  with  40  CFR  1502.14(d)  and  1502.16(d),  the  environmental 
impacts  of  this  alternative  will  be  further  analyzed  in  Chapter  4  since  it  represents  the  present 
situation. 

•  Treatment  Plant  Upgrade.  The  treatment  plant  upgrade  would  not  remove  the  discharge  from 
the  Pearl  Harbor  Estuary,  but  it  would  meet  the  purpose  of  the  project  by  reducing  specific 
pollutant  concentrations  in  the  effluent.  This  alternative  would  also  satisfy  the  needs  of  the 
project  because  it  would  treat  the  same  amount  of  wastewater  as  the  existing  plant,  would  be 
operationally  reliable,  and  would  meet  environmental  and  regulatory  constraints.  These  needs 
would  be  accomplished  at  a  high  cost  (at  least  $69.7  million).  Because  of  the  land  constraints 
in  the  vicinity  of  the  WWTP  at  Fort  Kamehameha,  it  would  be  difficult  to  implement  this 
alternative.  The  construction  required  to  upgrade  the  treatment  plant  also  has  the  potential  to 
impact  wetlands,  cultural  resources,  and  human  burials  that  exist  in  the  area.  Because  the 
treatment  plant  upgrade  alternative  has  numerous  implementation  risks  and  constraints, 
including  the  potential  for  more  stringent  regulatory  requirements,  as  well  as  an  unreasonably 
high  cost,  it  was  eliminated  from  further  analysis. 
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•  Infiltration  and  Evaporation.  The  infiltration/evaporation  alternative  satisfies  the  purpose  and 
needs  for  the  project,  but  its  extensive  land  requirement  and  cost  (at  least  $160  million)  are 
considered  unreasonable.  The  land  required  (at  least  105  ha  [260  ac])  for  the 
infiltration/evaporation  of  wastewater  effluent  makes  this  alternative  impractical  to  implement. 
In  addition,  since  a  large  land  area  would  be  influenced  by  this  alternative,  it  is  likely  that 
there  would  be  numerous  environmental  impacts,  including  impacts  to  archaeological 
resources.  Based  on  this  information,  the  infiltration/evaporation  alternative  was  eliminated 
from  further  analysis. 

•  Effluent  Reuse.  Although  the  effluent  reuse  alternative  meets  the  purpose  of  the  project,  it 
does  not  satisfy  the  specified  needs.  The  effluent  reuse  system  can  be  designed  to  meet  all 
regulatory  and  environmental  constraints  and  have  similar  capacity  to  the  existing  outfall,  but 
it  is  unknown  whether  this  alternative  is  as  reliable  operationally  as  the  existing  outfall 
because  the  demand  for  irrigation  water  is  variable,  and  because  it  involves  the  underground 
injection  of  brine,  which  may  migrate  to  nearby  surface  waters  and  cause  degradation  of  water 
quality.  The  cost  of  the  system  ($1 1 7.1  million)  and  energy  requirements  (41  million  kilowatt 
hours  per  year)  also  makes  it  infeasible  to  implement  this  alternative.  Potential  impacts  of 
effluent  reuse  on  water  quality  and  construction  impacts  on  archaeological  resources  were 
identified  as  environmental  constraints,  which  could  further  increase  the  costs  of  effluent 
reuse. 

Although  the  reuse  of  effluent  from  the  WWTP  at  Fort  Kamehameha  could  help  meet  Oahu's 
long-term  water  needs,  for  effluent  reclamation  to  be  viable,  it  must  be: 

-  Of  adequate  quantity.  Available  in  adequate  quantities  at  least  95  percent  of  the  time. 

-  Of  adequate  quality.  Source  must  consistently  meet  DOH  guidelines  and  maximum 
allowable  chloride  concentration  requirements  for  irrigation. 

-  Economical.  Sufficient  demand  must  exist  for  nonpotable  water  at  the  offered  price 
(comparable  BWS  sources  of  nonpotable  water  available  for  use  costs  $0.30/m^ 
[$1.14/1,000  gal]). 

The  reuse  alternative  is  currently  uneconomical  because  the  effluent  would  need  to  be 
desalinated  to  meet  minimum  water  quality  requirements,  which  drives  the  price  far  above 
that  of  alternative  sources.  Hence,  it  is  not  now  feasible  as  a  source  of  irrigation  water.  Should 
it  be  determined  in  the  future  that  large-scale  desalination  of  sea  water  or  groundwater  is 
needed  on  Oahu,  wastewater  effluent  should  be  considered  as  a  potential  source  of  relatively 
low  chloride  feed  water  with  substantially  lower  desalination  energy  demands  than  seawater. 
However,  because  of  the  present  uncertainties  regarding  brine  disposal,  high  cost,  and 
potential  archaeological  impacts,  the  effluent  reuse  alternative  was  eliminated  from  further 
analysis. 

2.9  Summary  of  Alternatives  Considered  for  Further  Analysis 

From  the  analysis  in  Section  2.8,  it  was  determined  that  the  alternatives,  which  will  be  further 
analyzed  in  detail  in  Chapter  4,  are: 

•  Outfall  Replacement  (Proposed  Action), 

•  Underground  Injection,  and 

•  No  Action. 
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The  other  alternatives  did  not  pass  the  firsttier  of  saeening  performed  in  Section  2. Sand  noaction 
must  be  analyzed  in  accordance  with  40  CFR  1502.14(d)  and  1502.16(d). 

Table  2.9-1  provides  a  summary  of  the  alternatives  considered  for  further  analysis,  including 
whether  each  of  the  alternatives  meets  the  project's  purpose  and  need,  regulatory  constraints, 
construction  methods,  O&M  features,  and  costs.  Table  2.9-2  presents  a  matrix  of  these  alternatives, 
with  issues  and  potential  environmental  impacts  associated  with  each  alternative. 

The  matrix  compares  impacts  of  alternatives,  using  a  nonnumerical  system  of  pluses  and  minuses 
based  on  the  significance  factors  for  each  issue: 

0  No  impact 

Nonsignificant  negative  impact 
Significant  negative  impact 
+  Nonsignificant  positive  impact 

+  +  Significant  positive  impact 

The  matrix  is  not  designed  to  give  a  numerical  evaluation  of  each  alternative.  Rather,  it  compares 
the  impacts  of  each  alternative  on  a  particular  issue  or  area  of  concern  and  provides  a  qualitative 
basis  for  considering  the  relative  environmental  effects  of  all  alternatives. 

2.10  Summary  of  the  Proposed  Action 

Based  upon  the  analysis  of  environmental  impacts  presented  in  Chapter  4  and  summarized  in 
Table  2.9-2,  and  the  regulatory  constraints  and  life-cycle  costs  that  were  presented  rn  this  chapter, 
the  proposed  action  is  the  preferred  alternative.  The  proposed  replacement  outfall  will  terminate 
in  a  200-m  (656-ft)-long  diffuser  at  the  46-m  (1 50-ft)  depth  in  Class  A  Open  Coastal  Waters.  Most 
potential  impacts  will  be  mitigated  by  compliance  with  existing  regulatory  requirements. 
Additional  mitigation  of  potential  construction  impacts  is  provided  by  selection  of  outfall 
alignment  and  construction  methodology  and  by  implementation  of  best  management  practices 
during  construction. 


u 

< 

D 


O 

CL 

o 

QC 

Cl. 


< 


5  2 


<  z 


^  on 


< 

z 


Vi 

>- 


«3 

£ 

< 


O) 

t: 

3 


"O 

0^ 


o; 

-O 

“3? 


O 

U 


a^ 

CsJ 

-SJ 


C/) 

a; 

> 


«3 


< 


-D 

£ 

£ 

O 


u 

< 


"O 

0^ 


o 

CL 

o 


o 

r« 

E 

E 

3 

(/) 


Final  Environmental  Impact  Statement 

Outfall  Replacement  for  WWTP  at  Fort  Kamehameha 


Proposed  Action  and  Alternatives 
March  2001 


Table  2.9-2 

Matrix  of  Potential  Impacts  for  Evaluated  Alternatives 


Alternatives 

Replacement  Outfall 
(Proposed  Action) 

Underground. 

tn|ectfon 

Action 

AQUATIC  ENVIRONMENT 

Turbidity  plume  impacts  on  marine  biota  due  to 
construction 


Sea  floor  excavation  impacts  on  marine  biota 


Water  quality  Impact  of  wastewater  discharge  in  Class  A 
Open  Coastal  Waters  within  the  ZOM 


Water  quality  impact  of  wastewater  discharge  in  Class  2 
Inland  Waters 


Impact  of  wastewater  disposal  outside  the  ZOM 


Cumulative  impacts  on  Mamala  Bay  water  quality 


SOCIOECONOMIC 


Recreational  and  personal  consumptive  activities  in  Mamala 
Bay 


Recreational  and  personal  consumptive  activities  in  Pearl 
Harbor  Estuary 


Commercial  activities  in  Mamala  Bay 


Commercial  activities  in  Pearl  Harbor  Estuary 


PROTECTED  SPECIES 


Impacts  on  terrestrial  biota 

Impacts  on  aquatic  biota  and  water  birds 

CVLTURALRESOVRCES 

Archaeological  artifacts,  human  burials 

Historic  period  resources 

PUBLIC  HEALTH  AND  SAFETY 

Hazards  from  ordnance  Items 

Potential  health  impact  to  recreational  users _ 

NAVIGATION 

Impacts  to  ship  passage  in  Pearl  Harbor  Entrance  Channel 
Impacts  to  outfall  from  anchor  entanglement 

WATER  AS  A  RESOURCE 


Impact  on  existing  water  sources 


Impact  on  future  water  sources 


0 

0 

0 

0 

0 

0 

Not  known 


Not  known 


Not  known 


0 


Not  known 
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REGIONAL  ENVIRONMENTAL  SETTING 


3.1  Introduction 

The  purpose  of  this  chapter  is  to  provide  information  about  the  regional  environmental  setting  of 
areas  affected  by  the  proposed  action,  underground  injection,  and  nd-action  alternatives  presented 
in  Chapter  2.  These  affected  areas  are  referred  to  as  "regions  of  influence."  Chapter  4  provides  a 
more  detailed  discussion  of  environmental  conditions  relevant  to  the  significant  issues  identified, 
along  with  adetailed  analysis  of  the  impacts  of  the  proposed  action,  underground  injection,  and 
no-action  alternatives. 

3.2  Regions  of  Influence 

Regions  of  influence  are  the  geographic  boundaries  within  which  the  proposed  action  or  the 
alternatives  being  considered  may  exert  some  discernible  effect.  These  regions  of  influence  vary, 
depending  upon  the  resource  or  effect  being  evaluated  (e.g.,  water  quality  has  a  different  region 
of  influence  than  air  quality;  the  socioeconomic  region  of  influence  differs  from  that  of  navigation). 
In  general,  the  regions  of  influence  can  be  divided  into  two  categories;  aquatic  and  land 
environments. 

3.2.1  Aquatic  Environment 

The  aquatic  environment  includes  the  Pearl  Harbor  Estuary  along  with  its  benthic  ecosystem  and 
the  immediately  adjacent  marine  waters  of  Mamala  Bay.  Each  segment  of  the  aquaticenvironment 
is  classified  and  regulated,  as  discussed  in  Section  3.4. 

3.2.1. 1  Pearl  Harbor  Estuary 

Pearl  Harbor  is  a  natural  estuary  on  the  southern  shore  of  Oahu.  Three  lochs— West  Loch,  Middle 
Loch,  and  East  Loch — form  the  harbor.  The  Pearl  Harbor  Naval  Complex  is  established  on  much 
of  the  Pearl  Harbor  shoreline  and  controls  access  to  the  harbor  under  Executive  Order  8143, 
which  established  the  Pearl  Harbor  Defensive  Sea  Area  (see  Figure  1 .6-1 ).  The  benthic  ecosystem 
of  Pearl  Harbor  includes  nearshore  reef  flats,  which  are  shallow  platforms  of  reef  rock,  rubble,  and 
sand  extending  from  the  shoreline,  in  addition  to  dredged  and  undredged  sand  and  silt  bottoms. 
The  Pearl  Harbor  Estuary  is  in  the  region  of  influence  for  water  quality,  biota,  and  navigational 
concerns. 

3.2.1 .2  Mamala  Bay 

Mamala  Bay  includes  all  ocean  areas  from  Diamond  Head  to  Barbers  Point,  Oahu  (see 
Figure  1 .6-1 ).  Several  regulated  and  unregulated  point  sources  of  pollution  discharge  into  Mamala 
Bay.  In  addition  to  the  discharges  from  the  three  wastewater  treatment  plant  (WWTP)  outfalls 
previously  noted  (from  the  Sand  Island  WWTP  [SIWWTP],  the  WWTP  at  Fort  Kamehameha,  and 
the  Honouliuli  WWTP  [HWWTP]),  other  discharge  sources  to  Mamala  Bay  include  the  Ala  Wai 
Canal  (into  which  Manoa  Stream  discharges);  Nuuanu,  Kapalama,  Kalihi,  and  Moanalua  streams; 
other  smaller  streams  and  drainage  channels;  and  Pearl  Harbor.  Mamala  Bay  is  in  the  region  of 
influence  for  water  quality  and  navigational  concerns. 
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3.2.2  Land  Environment 

In  general,  the  potentially  affected  land  environment  consists  of  areas  of  Oahu  immediately 
adjacent  to  the  Pearl  Harbor  Estuary  and  Mamala  Bay  in  the  vicinity  of  the  WWTP  at  Fort 
Kamehameha  (where  construction  activities  would  occur  for  the  outfall  replacement  or  for  the 
underground  injection  alternative).  These  areas  include  Hickam  Air  Force  Base  (AFB),  Honolulu 
International  Airport,  and  a  portion  of  the  Naval  reservation  land  north  of  Hickam  AFB.  The 
existing  land  uses  of  these  areas  are  presented  in  Section  3.7. 

3.3  Physiography 

This  section  presents  a  general  overview  of  the  physical  environment,  or  physiography,  of  the 
project  site,  including  the  climate,  topography,  geology,  hydrology,  air  quality,  and  physical 
oceanography. 

3.3.1  Climate 

The  Hawaiian  Islands  are  located  at  the  edge  of  the  Tropics  Zone,  where  the  climate  is  generally 
mild  throughout  the  year.  During  the  summer  months,  average  temperatures  range  from 
approximately  32°C  (90°F)  during  the  day  to  23°C  (73‘’F)  at  night.  Average  temperatures  during 
the  winter  and  early  spring  months  range  from  daytime  highs  of  about  26°C  (79°F)  to  nighttime 
lows  of  1 5°C  (59°F).  Average  relative  humidity  at  Pearl  Harbor  varies  between  58  percent  in  the 
afternoon  to  over  80  percent  at  night. 

The  frequency  of  the  trade  winds  varies  greatly  in  the  Hawaiian  Islands.  The  islands  may 
experience  periods  of  no  wind  followed  by  days  of  constant  trade  winds.  In  general,  trade  winds 
are  more  persistent  in  the  summer  months  than  in  winter  months.  Northeasterly  trade  winds 
prevail  over  Oahu  throughout  most  of  the  year  and  comprise  "offshore"  wind  conditions  at  the 
project  site.  Moderate  to  strong  southerly  winds  associated  with  "Kona"  frontal  passages  occur 
periodically  during  the  winter  and  comprise  "onshore"  conditions  at  the  project  site.  On  the  open 
seas,  trade  winds  average  under  24  kilometers  per  hour  (15  miles  per  hour)  and  are  slightly 
stronger  in  summer  than  in  winter. 

3.3.2  Topography 

The  WWTP  at  Fort  Kamehameha  is  located  on  the  eastern  side  of  the  Pearl  Harbor  Entrance 
Channel,  fronting  the  shoreline  on  the  flat  coastal  plain  known  as  the  Pearl  Harbor  Plain.  This 
coastal  plain,  which  consists  of  coralline  sand,  rises  no  more  than  1  to  1.2  meters  (m)  (3  to 
4  feet  [ft])  above  sea  level. 

3.3.3  Geology  and  Soils 

Underlying  southern  Oahu  is  a  caprock  composed  of  layers  of  marine  calcareous  deposits,  such 
as  coral  limestone  and  land-derived  sediments  or  clays.  This  caprock  system  extends  for  several 
miles  and  reaches  to  a  depth  of  about  330  m  (1 ,080  ft)  below  sea  level  at  the  WWTP.  The  caprock 
retards  the  seaward  movement  of  groundwater  because  of  its  deaeased  permeability.’  It  also 
confines  the  Pearl  Harbor  basal  aquifer  system,  which  has  an  estimated  groundwater  flux  of 


'Cordon  A.  Macdonald,  Agatin  T.  Abbott,  and  Frank  L.  Peterson  (1 986)  Volcanoes  in  the  Sea:  The  Geology  of  Hawaii. 
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840,000  cubic  meters  per  day  (mVday)  (222  million  gallons  per  day  [mgd])  and  currently  supplies 
over  half  of  Oahu's  total  water  needs.^'^ 

Pearl  Harbor,  which  consists  of  three  lochs,  is  essentially  a  series  of  drowned  river  valleys.  The 
roundness  of  the  lochs  suggests  that  these  valleys  have  widened  over  time  because  the  sediments 
are  easily  eroded.  In  contrast,  the  valley  of  the  main  channel  at  the  harbor  entrance  remains 
narrow  because  of  the  sturdy  coral  reef.'*  Over  time,  sediments  from  the  surrounding  land  areas 
washed  into  the  harbor,  accumulating  and  forming  layers  of  mud,  silt,  and  sand.  As  the  harbor 
depth  increased,  coral  reefs  were  covered  by  land-derived  silts  and  sands. 

Marine  deposits  in  the  area  of  the  Pearl  Harbor  Entrance  Channel  are  expected  to  consist  mainly 
of  hard  cemented  coral  layers  or  ledges  and  uncemented  to  partially  cemented  coralline  detritus, 
such  as  coralline  gravels,  sands,  and  cobble-to-boulder-sized  coral  chunks.  Due  to  sea  level 
fluctuations  during  the  last  million  years,  fine  estuarine  sediments,  such  as  silts  and  clays,  were 
deposited  during  higher  sea  stands.  These  sediments  may  have  soft  to  very  stiff  consistencies. 

According  to  underwater  reconnaissance  and  marine  seismic  refraction  surveys,  the  sea  floor 
outside  of  the  Pearl  Harbor  Entrance  Channel,  at  depths  below  about  25  m  (82  ft),  consists  of  loose 
sand  deposits  estimated  to  be  approximately  3  to  9  m  (1 0  to  30  ft)  thick.®  Very  loose  sand  deposits 
may  become  unstable  under  disturbing  stresses  induced  by  storm  surges  or  earthquake  conditions. 

The  soils  in  the  Fort  Kamehameha  area  are  of  the  Lualualei-Fill  land-Ewa  association.  The  naturally 
occurring  soils  are  deep,  nearly  level  to  moderately  sloping,  well-drained  soils  which  have  a  fine- 
textured  or  moderately  fine-textured  subsoil  or  underlying  material;  they  are  interspersed  by  areas 
of  fill  land.®  Four  different  soils  of  this  association  cover  the  Fort  Kamehameha  area:  Mamala  stony 
si  Ity  clay  loam,  jaucas  sand,  coral/cemented  calcareous  sand,  and  fi  1 1  land .  Mamala  stony  si  Ity  clay 
loam  has  a  moderate  permeability,  runoff  is  very  slow  to  moderate,  and  it  often  contains  stones 
or  coral  rock  fragments  that  hinder  cultivation.  Jaucas  sand  has  a  high  permeability,  runoff  is  very 
slow  to  slow,  and  the  soil's  workability  is  slightly  difficult  because  it  is  loose  and  lacks  stability. 
A  coral  outcrop,  which  consists  of  coral  or  cemented  calcareous  sand  with  a  thin  layer  of  friable, 
red  soil  material  (similar  to  that  ofthe  Mamala  series)  in  the  cracks  and  crevices,  surrounds  Bishop 
Point.  Much  of  the  Fort  Kamehameha  area  is  land  filled  with  solid  waste,  general  materials,  and 
dredged  material  from  the  ocean  and  other  nearby  areas.^ 

A  preliminary  geotechnical  evaluation  of  the  proposed  outfall  alignment,  consisting  of  one 
onshore  boring  and  three  offshore  borings,  was  conducted  in  March  1 997.  The  borings  ranged  in 
depth  from  7  to  37  m  (23  to  121  ft)  beneath  the  surface  (onshore  boring)  or  sea  level  (offshore 
borings).  The  onshore  boring,  located  near  the  shoreline  ofthe  WWTP,  encountered  silty  sands 
and  gravelly  reef  detritus  to  a  depth  of  approximately  14  m  (46  ft).  This  was  underlain  by  estuarine 
clays  and  silts,  silty  sands,  and  volcanic  tuff,  the  latter  occurring  at  a  depth  of  approximately  19m 
(62  ft).  The  offshore  borings,  located  along  the  eastern  side  ofthe  Pearl  Harbor  Entrance  Channel, 

^George  A.L.  Yuen  &  Assoc.,  Inc.  (May  1 988)  Review  and  Re-evaluation  of  Groundwater  Conditions  in  the  Pearl  Harbor 
Groundwater  Control  Area,  Oahu,  Hawaii  Prepared  for  the  State  of  Hawaii,  Commission  on  Water  Resource  Management,  Hawaii 
Department  of  Land  and  Natural  Resources  Report  R-78. 

^Wilson  Okamoto  &  Associates,  Inc.  (May  1994)  Oahu  Water  Management  Plan,  Initial  Revision  of  Technical  Reference 
Document  Prepared  for  City  and  County  of  Honolulu,  Department  of  General  Planning, 

"^Kanalei  Shun  and  Allan  Shilz  (March  1991)  Surface  and  Sub-surface  Archaeological  Survey  of  Construction  Areas  at 
Wastewater  Treatment  Plant  at  Fort  Kamehameha,  Oahu,  Hawaii.  Prepared  for  the  Department  ofthe  Navy,  Pacific  Division,  Naval 
Facilities  Engineering  Command. 

^SSFM,  Inc.  (October  1 996)  Oceanographic  Study  for  Outfall  Extension  for  Wastewater  Treatment  Plant  at  Fort  Kameharneha. 
Prepared  for  the  U.S.  Navy,  Pacific  Division,  Nava!  Facilities  Engineering  Command. 

^U.S.  Department  of  Agriculture,  Soil  Conservation  Service,  in  cooperation  with  the  University  Hawaii  Agricultural  Experiment 
Station  (August  1972)  Soil  Survey  of  Kauai,  Oahu,  Maui,  Moloka'i,  and  Lanai,  State  of  Hawaii 

^Kanalel  Shun  and  Allan  Shilz  (March  1991). 
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encountered  silty  sand,  silt,  and  gravelly  reef  detritus.  The  reef  detritus  included  cobble-sized  coral 
chunks  and  locally  cemented  zones.  The  geotechnical  report  is  included  in  Appendix  IV. 

3.3.4  Hydrology  and  Drainage 

Oahu's  potable  water  supply  depends  greatly  upon  the  hydrologic  cycle  that  starts  with  the 
evaporation  of  water  from  the  ocean,  followed  by  the  condensation  of  that  water  to  produce  rain 
(primarily  in  the  mountains),  and  then  capture  of  that  rain  by  the  ground  and  infiltration  to 
groundwater  aquifers.  The  groundwater  aquifers  function  as  huge  fresh  water  storage  reservoirs 
beneath  the  island.  Groundwater  that  is  not  withdrawn  for  human  and  agricultural  use  flows 
through  the  aquifer  by  gravity  and  eventually  discharges  to  streams  and  to  the  ocean.  Rainwater 
that  does  not  percolate  through  the  soil  to  become  groundwater  flows  overland  and  is  carried  by 
streams  and  drainage  channels  to  the  ocean.  Surface  water  discharging  into  the  ocean  through 
Pearl  Harbor  Estuary  carries  sediment  and  other  contaminants  from  the  watershed.  Some  of  these 
contaminants  reach  the  ocean  while  others  remain  in  the  estuary. 

3.3.4.1  Ground  and  Surface  Waters 

The  potentially  affected  areas  are  located  over  a  coastal  portion  of  the  Pearl  Harbor  Aquifer 
extending  from  Red  Hill  to  the  Waianae  Mountains  and  north  from  Pearl  Harbor  to  Wahiawa.  The 
Pearl  Harbor  Aquifer  is  a  basal  aquifer  that  consists  of  fresh  water  floating  on  heavier  sea  water 
within  basaltic  strata.  The  water  table  ranges  from  4.9  to  7.6  m  (16  to  25  ft)  above  sea  level 
(depending  on  the  distance  inland,  the  prevailing  rainfall,  and  groundwater  withdrawal).  Much 
of  Oahu's  potable  water  comes  from  the  Pearl  Harbor  Aquifer,  making  it  a  valuable  source  of 
groundwater.  The  project  site  is  located  on  the  saltwater  fringe  of  this  aquifer  (the  edge  of  the 
aquifer  where  the  fresh  and  salt  water  mix). 

The  Pearl  Harbor  Aquifer  has  a  broad,  thick  caprock,  a  relatively  impermeable  layering  of  coral 
limestone,  and  land-derived  sediments.  However,  there  are  numerous  areas  where  the  basaltic 
rock  is  exposed  at  the  ground  surface.  In  most  of  these  areas,  the  basaltic  rock  is  sufficiently 
weathered  to  retard  permeability;  in  other  areas,  such  as  those  adjacent  to  stream  channels,  the 
basaltic  rock  is  highly  permeable.  Several  large  springs,  known  as  the  Pearl  Harbor  Springs,  exist 
at  these  locations.  The  largest  measurable  groundwater  flow,  estimated  at  between  78,000  to 
852,000  mVday  (21  to  225  mgd),  occurs  at  the  springs.®  Groundwater  also  discharges  along  the 
shore  and  in  stream  channels  below  seawater  or  stream  water  level. 

The  eight  streams  that  presently  discharge  into  Pearl  Harbor  are  Honouliuli,  Waikele,  Waiawa, 
Waiau,  Waimalu,  Kalauao,  Aiea,  and  Halawa.  The  Honouliuli  and  Aiea  streams  are  intermittent 
while  the  others  are  perennial.  The  perennial  streams  originate  in  the  Koolau  Range  and  constantly 
bring  fresh  water  to  the  Pearl  Harbor  Estuary.  All  of  the  streams  drain  forested  and  agricultural 
lands  and  pass  through  urban  areas  prior  to  discharging  into  the  estuary. 

There  are  three  canals  within  Hickam  AFB.  The  Transportation  Canal  forms  the  northern  border 
of  the  WWTP  at  Fort  Kamehameha  and  discharges  into  the  Pearl  Harbor  Entrance  Channel.  The 
Kumumau  Canal  drains  an  area  north  of  Hickam  Harbor  and  discharges  into  Hickam  Harbor.  The 
Manuwai  Canal  passes  through  the  eastern  portion  of  the  18-hole  Hickam  Mamala  Bay  Golf 
Course  on  Hickam  AFB  and  discharges  to  the  portion  of  Mamala  Bay  inland  of  the  Reef  Runway. 


“Wilson  Okamoto  &  Associates,  Inc.  (March  1990)  Oafiu  Water  Management  Plan.  Prepared  for  the  Department  of  General 
Planning. 


3-4 


Final  Environmental  Impact  Statement 

Outfall  Replacement  for  WWTP  at  Fort  Kamehameha 


Regional  Environmental  Setting 
_  March  2001 


3.3.4.2  Drainage^ 

Drainage  in  the  vicinity  of  the  WWTP  is  provided  primarily  by  percolation  and  several  grated 
inlets.  The  existing  grade  of  the  facility  is  relatively  flat,  with  a  majority  of  its  ground  backfilled 
with  gravel  material  which  provides  extensive  percolation.  There  are  four  grated  inlets  located 
within  the  boundaries  of  the  WWTP.  Storm  water  collected  in  these  inlets  is  pumped  into  the  plant 
and  processed.  Runoff  at  the  WWTP  occurs  in  sheet  flow.  The  sheet  flow  travels  to  the  low  points 
throughout  the  facility  and  eventually  percolates  through  the  ground  and/or  evaporates  into  the 
atmosphere.  During  periods  of  heavy  rains,  excessive  sheet  flows  can  also  discharge  into  the 
Transportation  Channel  along  the  northern  edge  of  the  facility  and  into  Pearl  Harbor  from  the 
western  half  of  the  facility. 

3.3.5  Air  Quality 

Favorable  meteorological  conditions  throughout  the  islands  help  to  disperse  air  pollutants,  so  the 
State  of  Hawaii  is  in  compliance  with  the  State  and  National  Ambient  Air  Quality  Standards 
(SAAQS  and  NAAQS)  established  for  aiteria  pollutants.’®  Therefore,  the  project  area  is  in  an  air 
quality  attainment  region  and  in  conformance  with  SAAQS  and  NAAQS. 

In  terms  of  the  pollutants  regulated  by  the  Department  of  Health  (DOH),  air  quality  in  the  vicinity 
of  the  WWTP  is  generally  good.  The  primary  air  quality  concern  associated  with  a  WWTP  is  odor, 
particularly  from  hydrogen  sulfide  gas  released  during  treatment.  Odors  have  the  potential  to 
infringe  on  neighboring  Hickam  AFB  residential  areas  alongthe  shoreline  southeast  of  the  WWTP. 

3.3.6  Physical  Oceanography 

The  shoreline  and  waters  in  the  vicinity  of  the  WWTP  at  Fort  Kamehameha  are  subject  to  both 
ocean  and  estuarine  conditions.  Therefore,  the  currents,  mixing,  and  water  quality  in  the  area  are 
influenced  by  both  ocean  and  estuarine  processes. 

The  open  coastal  waters  in  the  vicinity  of  Pearl  Harbor  are  subject  to  three  types  of  large  waves: 
southern  swells,  Kona  storm  waves,  and  hurricane-generated  waves.  The  ocean  is  connected  to 
Pearl  Harbor  by  a  4,570-m-long  (1 5,000-ft-long)  entrance  channel.  Pearl  Harbor  is  protected  from 
ocean  waves  and  swells  because  wave  propagation  through  the  entrance  channel  is  fully 
attenuated.  Tidal  currents  are  relatively  mild;  the  strongest  occur  at  the  entrance  to  the  harbor  and 
in  East  Loch. 

The  waters  of  Pearl  Harbor  are  influenced  by  a  two-layer  circulation  system.  The  tides,  winds, 
fresh-water  inflow,  and  ship-induced  turbulence  all  affect  the  water  circulation.  Layering  occurs 
as  a  result  of  the  large  influx  of  fresh  water  into  the  harbor  from  streams.  The  boundary  between 
the  two  layers  occurs  at  about  1 .5-m  (5-ft)  depth  in  the  entrance  channel  but  varies  considerably 
depending  on  the  season.  The  currents  in  the  upper  layer  generally  move  seaward  due  to  trade 
winds  and  the  inflow  of  fresh  water.  The  bottom  seawater  layer  reverses  with  the  tide,  the  reversal 
occurring  approximately  at  the  peak  tidal  amplitude.” 

Sedimentation  within  Pearl  Harbor  is  a  natural  occurrence.  The  Pearl  Harbor  drainage  area  is  the 
largest  on  Oahu  with  eight  streams  carrying  an  estimated  318,000  kilograms  (700,000  pounds) 

^Written  communication  with  Environmental  Engineer,  Navy  Public  Works  Center  (May  20,  1997). 

’°40CFR  Part  81.312. 

"Belt  Collins  &  Associates  (August  1992)  Expansion  of  the  Wastewater  Treatment  Plant  at  Fort  Kamehameha  Environmental 
Assessment.  Prepared  for  the  Department  of  the  Navy,  Public  Works  Center. 
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per  day  of  sediment  into  the  harbor.’^  The  presence  of  large  amounts  of  sediment  contributes  to 
the  relatively  high  turbidity  in  the  estuary.  West  and  Middle  Lochs  have  the  highest  turbidity.  The 
sediment,  along  with  other  contaminant  sources  such  as  runoff  from  urbanized  areas,  has  a 
detrimental  impact  on  Pearl  Harbor  water  quality  and  can  also  impact  nearby  coastal  waters. 

3.4  Classification  of  the  Aquatic  Environment 

The  aquatic  environments  evaluated  in  this  environmental  impact  statement  include  inland  and 
marine  waters  and  benthic  environments.  The  water  classifications  and  bottom  types  are  shown 
in  Figures  1 .2-1  and  3.4-1,  respectively,  and  are  defined  as  follows: 

•  Inland  waters  are  located  inside  the  Pearl  Harbor  Entrance  Channel  and  are  known  as  the  Pearl 
Harbor  Estuary. 

•  Marinewatersareoutsidetheentrancechannel.Marinewatersborderedbythe  183-m  (600-ft 
or  100-fathom)  depth  contour  and  the  shoreline  are  classified  as  Open  Coastal  Waters  by  the 
DOH.  Marine  waters  outside  the  183-m  (600-ft  or  100-fathom)  depth  contour  are  Open 
Oceanic  Waters. 

•  The  benthic  ecosystem  at  the  entrance  to  Pearl  Harbor  consists  of  reef  flats  and  reef 
communities.  The  entrance  channel  is  a  dredged  channel  through  the  reef  material.  The 
bottom  consists  of  sandstone  and  limestone  rock  with  sand  and  gravel.  It  is  covered  with  an 
accumulation  of  sediments  of  varying  thicknesses.  At  the  seaward  end  of  the  entrance  channel, 
coralline  rock  and  sand  are  encountered.  Further  in,  the  sand  bottom  gives  way  to  silt  and  fine 
sediment. 

The  existing  outfall  in  the  Pearl  Harbor  Estuary  was  granted  a  zone  of  mixing  (ZOM)  as  part  of  its 
National  Pollutant  Discharge  Elimination  System  permit  (No.  HI  0110086).  Part  of  the  existing 
ZOM  is  in  the  Pearl  Harbor  Estuary  and  part  is  in  the  Open  Coastal  Waters  immediately  outside 
the  harbor  entrance  (see  Figure  1.2-1).  It  is  fully  contained  within  the  boundaries  of  the  Pearl 
Harbor  Defensive  Sea  Area  controlled  by  the  Navy  (see  Figure  1 .6-1). 

3.4.1  Pearl  Harbor  Estuary 

The  waters  of  Pearl  Harbor  are  considered  an  inland  estuary  and  classified  as  Class  2  waters  by 
the  DOH.  The  objective  of  Class  2  waters  is  protection  of  their  use  for  reaeational  purposes,  the 
support  and  propagation  of  aquatic  life,  agricultural  and  industrial  water  supplies,  shipping,  and 
navigation.’^  Discharges  into  Class  2  waters  must  have  undergone  the  best  degree  of  treatment  or 
control  compatible  with  the  criteria  established  for  this  class  of  water. 

Pearl  Harbor  Estuary  is  also  identified  as  one  of  the  14  Water  Quality  Limited  Segments  (WQLS) 
located  in  Hawaii.’'*  WQLS  were  designated  in  response  to  Section  303(e)  of  the  Federal  Water 
Pollution  Control  Act  of  1972.  Without  additional  action  to  control  nonpoint  source  pollution 
(NPSP),  a  WQLS  cannot  be  expected  to  attain  or  maintain  State  water  quality  standards.  Eight 
streams  presently  discharge  into  Pearl  Harbor  Estuary  and  may  carry  pollutants  from  upland 


’^Belt  Collins  &  Associates  (August  1992). 

'^State  of  Hawaii,  Department  of  Health  (April  2000)  Hawaii  Administrative  Rules,  Title  1 1,  Chapter  54,  Water  Quality 
Standards. 

’■‘State  of  Hawaii,  Department  of  Health  (1988)  Hawaii’s  3Q5(b)  Report  on  Water  Quality  for  the  Year  Ending  1987. 
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activities  into  the  estuary.’^  No  new  wastewater  discharges  are  permitted  into  the  Pearl  Harbor 
Estuary,  and  special  water  quality  standards  have  been  established  by  DOH  for  the  estuary.  Waters 
within  the  regulatory  boundary  of  the  existing  ZOM  are  permitted  to  exceed  water  quality 
standards  pursuantto  Hawaii  Administrative  Rules  Chapter  1 1-54  and  conditions  of  the  discharge 
permit.  The  ZOM  was  established  to  provide  a  limited  area  around  the  outfall  for  the  initial 
dilution  of  wastewater  discharges.  The  estuarine  waters  at  the  entrance  to  Pearl  Harbor  frequently 
experience  elevated  levels  of  turbidity,  nutrients,  fecal  coliforms,  and  other  contaminants,  as  a 
result  of  both  point  source  pollution  and  NPSP  of  the  estuary. 

3.4.2  Marine  Waters 

The  Open  Coastal  Waters  outside  the  Pearl  Harbor  Entrance  Channel  are  considered  Class  A 
marine  waters  by  DOH.  The  objective  of  Class  A  waters  is  to  protect  their  use  for  reaeation, 
aesthetic  enjoyment,  or  other  uses  compatible  with  reaeation  and  the  protection  and  propagation 
offish,  shellfish,  and  wildlife.'^  Discharges  into  Class  A  waters  must  receive  the  best  degree  of 
treatment  or  control  compatible  with  the  criteria  established  for  this  class. 

3.4.3  Benthic  Ecosystem 

The  benthic  ecosystem  encountered  in  Pearl  Harbor  includes  reef  flats,  soft  bottom  communities 
that  consist  of  burrowing  organisms  living  in  the  silt  and  fine  sediments,  coral,  and  sandy  bottoms. 
The  benthiccommunities  in  the  vicinity  of  the  projert  comprise  a  Class  II  benthic  ecosystem. ’^The 
objective  of  this  class  is  to  ensure  the  proteaion  of  aquatic  resources,  including  propagation  of 
fish,  shellfish,  and  wildlife;  and  for  reaeational  purposes,  such  as  boating,  fishing,  and  swimming, 
that  are  indirealy  influenced  by  the  benthic  ecosystem.  Any  action  which  may  permanently  or 
completely  modify,  alter,  consume,  or  degrade  the  benthic  ecosystem  (such  as  the  placement  of 
an  outfall  structure)  is  allowable  upon  approval  from  the  DOH,  after  consideration  of  both  the 
environmental  impacts  as  well  as  the  public  interest.'® 

3.5  Biota 

Many  different  life  forms  live,  rest,  or  forage  in  the  vicinity  of  the  WWTP  at  Fort  Kamehameha. 
Much  of  the  vegetation  is  not  native  to  Hawaii  and  was  introduced  to  the  area  for  landscaping 
purposes.  Various  bird  species  have  been  observed  resting  and  foraging  in  the  area.  Marine  life 
chararteristic  of  the  area  near  the  existing  outfall  includes  sea  cucumbers,  algae,  coral,  shrimps, 
and  sessile  invertebrates.  The  following  seaions  provide  an  overview  of  the  flora  and  fauna 
observed  in  the  Fort  Kamehameha  area  and  in  the  vicinity  of  the  existing  outfall. 

3.5.1  Terrestrial  Flora 

A  botanical  site  inspection  was  performed  in  the  vicinity  of  the  WWTP  and  the  Fort  Kamehameha 
housing  area  on  Hickam  AFB  in  March  1 992.  Nofederally  or  state-listed  threatened  or  endangered 
species  were  found  in  this  area. 


^^State  of  Hawaii,  Department  of  Health  (November  1990)  Hawaii's  Assessment  of  Nonpoint  Source 
Pollution  Water  Quality  Problems. 

’^State  of  Hawaii,  Department  of  Health  (April  2000). 

’^State  of  Hawaii,  Department  of  Health  (April  2000). 

^®State  of  Hawaii,  Department  of  Health  (April  2000). 
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Prior  to  being  filled,  this  area  was  a  wetland.  Most  of  the  vegetation  in  the  area  is  non-native 
species,  introduced  to  the  area  for  landscaping  purposes.  These  include  planted  grasses,  Norfolk 
Island  pine,  coconut  trees,  and  hibiscus  bushes.  Also  found  in  the  vicinity  of  the  WWTP  are  native 
species  including  kiawe  trees  (Prosopis  pallida)  with  a  scant  shrub  layer  of  sour  bush  (Pluchea 
odorata),  Indian  pluchea  {Pluchea  indica),  and  koa  haole  (Leucaena  /eucocepha/a).  Athin  covering 
of  mixed  grasses,  some  salt  bush  {Atriplex  semibaccata),  spiny  amaranth  (Amaranthus  spinosus), 
akulikuli  {Sesuvium  portulacastrum),  and  false  ragweed  (Flavera  trinervia)  can  be  seen  on  the 
ground.’®  Jurisdictional  wetlands^®  are  located  along  the  Hickam  AFB  shoreline  and  in  the  flat 
plain  that  comprises  Fort  Kamehameha,  as  shown  in  Figure  3.5-1.  These  areas  are  home  to 
obligate  wetland  vegetation,  such  as  red  mangrove  trees  {Rhizophora  mangle)  and  pickleweed 
(Batis  maritima).  Red  mangrove  trees  and  pickleweed  also  line  the  Transportation  Canal  north  of 
the  WWTP  and  the  drainage  channel  east  of  the  WWTP. 

3.5.2  Terrestrial  Fauna 

A  site-specific  survey  of  areas  associated  with  the  outfall  replacement  project  was  conducted  on 
two  separate  days  in  late  1996.  The  purpose  of  the  survey  was  to  observe  migratory  shorebirds, 
resident  water  birds,  and  seabirds  at  the  Fort  Kamehameha  wetlands  and  offshore  islets.  The  results 
of  this  survey  were  then  compared  to  the  results  of  surveys  conducted  in  1 993-1 995  of  the  same 
area.  The  1996  report  is  included  in  Appendix  V. 

Four  species  of  migratory  birds  were  seen  resting  and  foraging  in  the  area:  the  Pacific  golden 
plover  {Pluvialis  fulva),  ruddy  turnstone  (Arenaria  interpres),  sanderling  (Calidris  alba),  and 
wandering  tattler  {Heteroscelus  incanus).  The  only  native  water  bird  observed  during  this  survey 
was  the  black-crowned  night  heron  {Nycticorax  nycticorax),  which  was  seen  roosting  in  the 
mangrove  trees  fronting  the  Batis  wetlands.  The  night  heron,  which  usually  forages  along 
shorelines  and  in  shallow  wetlands,  is  not  listed  as  a  threatened  or  endangered  species. 

Past  surveys  revealed  the  presence  of  several  other  bird  species  in  the  area,  such  as  the  Hawaiian 
stilt  {Himantopus  mexicanus  knudseni),  a  listed  endangered  species.^’  Therefore,  it  is  assumed  that 
the  report  refers  to  a  Hawaiian  stilt.  In  addition,  two  species  of  seabirds  were  observed  foraging 
in  the  Pearl  Harbor  Entrance  Channel  and  offshore:  the  brown  booby  (Su/a  leucogaster)  and  the 
common  or  brown  noddy  {Anous  stolidus).  Several  exotic  bird  species  were  also  identified.  The 
most  abundant  species  were  the  zebra  dove  {Geopelia  striata),  common  myna  {Acridotheres 
tristis),  and  red-vented  bulbul  {Pycnonotus  cafer).  The  Indian  mongoose  {Herpestesauropunctatus) 
and  cats  were  the  only  feral  mammals  observed  in  the  area.“ 

3.5.3  Marine  Life 

The  inner  Pearl  Harbor  benthic  community  is  depicted  by  four  zones:  sand-rubble,  algal-mud, 
channel  wall,  and  channel  floor  mud-silt  zones.  Naturally  occurring  sedimentation  greatly 
influences  the  constituents  of  the  Pearl  Harbor  benthic  community.  Stony  corals  are  not  observed 
because  they  are  sensitive  to  high-sediment  loads.  Predominant  marine  biota  in  the  area  include 


’^Belt  Collins  &  Associates  (August  1992), 

^“a  jurisdictional  wetland  is  a  wetland  that  is  subject  to  regulation  by  the  USACE  under  Section  404  of  the  Clean  Water  Act. 
Jurisdictional  wetlands  must  exhibit  all  three  characteristics:  hydrology,  hydrophytes,  and  hydric  soils.  Areas  that  exhibit  only  one  or 
two  of  the  three  characteristics  do  not  qualify  as  USACE  jurisdictional  wetlands  and  are  not  regulated  under  the  Section  404  . 
program. 

^^The  original  survey  report  refers  to  the  presence  of  the  black-necked  stilt  in  the  area.  The  only  known  occurrence  of  the 
black-necked  stilt  in  Hawaii  is  the  Hawaiian  stilt. 

^^Belt  Collins  &  Associates  (August  1 992). 
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the  sea  cucumber  (Ophiodesoma  spectabilis),  which  is  common  to  areas  where  organic  particulate 
input  is  high;  benthic  (bottom  dwelling)  algae;  sponges;  Sabellid  (feather  duster)  worms;  Serpulid 
worm  tubes;  and  various  benthic  shrimps  and  crabs. 

The  existing  outfall  is  located  at  the  base  of  a  channel  wall  dredged  from  a  shallow  coral  reef  flat. 
The  primary  inhabitants  of  the  channel  wall  are  a  variety  of  sessile  invertebrates,  which  include 
sponges,  alcyonarians,  polychaete  and  sipunculid  worms,  and  bivalve  mollusks.  The  diffuser  pipe 
is  located  on  a  mud-silt  bottom  with  little  marine  life  living/growing  on  the  mud  surface.  Burrow 
holes,  which  were  probably  formed  by  alpheid  shrimp,  are  present  throughout  the  mud  surface. 

The  diffuser  also  provides  a  separate  solid  surface  for  settlement  of  sessile  organisms.  In  1992, 
diffuser  ports  were  covered  by  sponges  and  alcyonarians,  and  several  small  green  sea  turtles 
(Chelonia  mydas),  with  shell  lengths  less  than  30  centimeters  (cm)  (12  inches),  were  observed  in 
the  vicinity  of  the  diffuser  pipe.^^  The  green  sea  turtle  is  considered  a  threatened  species  and  is 
under  joint  jurisdiction  of  U.S.  Fish  and  Wildlife  Service  and  National  Marine  Fisheries  Service. 

Green  sea  turtles  were  also  observed  during  subsequent  surveys.  During  a  1995/1996  biotic 
community  survey,  an  inspection  of  the  existing  Fort  Kamehameha  outfall  along  the  eastern 
channel  wall  adjacent  to  the  reef  flat  revealed  relatively  large  aggregations  of  green  sea  turtles.  It 
appeared  that  these  turtles  use  the  space  between  the  outfall  pipe  and  the  channel  floor  as  a  refuge 
area  (Appendix  VI).  During  a  1997  assessment  of  biological  communities  in  the  vicinity  of  the 
proposed  outfall,  green  sea  turtles  were  observed  in  two  identified  biotopes:  the  reef  slope  along 
the  edge  of  the  reef  flat,  and  the  biotope  of  limestone  and  corals  west  of  the  Reef  Runway.  These 
turtles  appeared  to  be  using  areas  with  appropriate  shelter  characteristics  for  resting  during  the  day 
(Appendix  VII).  A  more  detailed  biotic  community  assessment  along  proposed  outfall  alignments 
in  1 998  noted  as  many  as  20  green  sea  turtles  in  a  portion  of  the  reef  slope  biotope  along  the  Pearl 
Harbor  Entrance  Channel,  where  limestone  blocks  aeate  a  favorable  resting  habitat 
(Appendix  VIII). 

Endangered  species,  such  as  the  Hawaiian  monk  seal  (Monachus  schauinslandi)  and  humpback 
whale  (Megaptera  novaeangliae),  have  rarely  been  sighted  in  the  project  area.  Although  the 
Hawaiian  Islands  Humpback  Whale  National  Marine  Sanctuary  has  been  established  in  offshore 
areas  north  and  south  of  Oahu,  the  closest  sanctuary  boundary  to  the  project  area  extends  from 
the  shoreline  at  the  Ala  Wai  Canal  to  the  1 83-m  (600-ft  or  1 00-fathom)  isobath  (not  including  the 
Ala  Wai  Small  Boat  Basin),  approximately  8.9  kilometers  (km)  (5.6  mi)  away.^'^  The  alternative 
alignments  of  the  outfall  pipe  and  diffuser  passthrough  several  benthiczones.  Progressing  seaward 
from  the  WWTP,  beyond  the  shoreline  there  is  a  substantial  reef  flat,  bounded  by  the  dredged 
Pearl  Harbor  Entrance  Channel  on  the  west,  Hickam  Harbor  on  the  east,  and  the  reef  slope  and 
deeper  waters  of  Mamala  Bay  on  the  south.  The  width  of  the  flat  between  the  two  harbor  channels 
varies  from  over  914  m  (3,000  ft)  inshore  to  about  457  m  (1,500  ft)  at  the  offshore  slope.  The 
alternative  outfall  alignments  all  cross  through  the  occasionally  emergent  inshore  reef  flat,  pass 
into  deeper  waters  of  the  reef  flat  that  do  not  emerge  at  lower  tides,  transition  into  the  Pearl 
Harbor  Entrance  Channel,  and  follow  the  entrance  channel  into  deeper  water.  The  diffuser 
alternatives  are  located  on  sand  and  coral  rubble  slopes  at  depths  of  21  m  (70  ft)  and  46  m  (1 50  ft). 


^Marine  Research  Consultants  Oune  22, 1 992)  An  Assessment  of  Water  Quality  in  Pearl  Harbor  in  the  Vicinity  of  the  Fort 
Kamehameha  Wastewater  Treatmerit  Plant  Phase  II.  Prepared  for  Belt  Collins  &  Associates. 

^^U.S.  Department  of  Commerce,  National  Ocean  Service,  National  Oceanic  and  Atmospheric  Administration,  Office  of  Ocean 
and  Coastal  Resource  Management,  Sanctuaries  and  Reserves  Division  and  State  of  Hawaii,  Department  of  Business  Economic 
Development  and  Tourism  (February  1997)  Hawaiian  Islands  Humpback  Whale  National  Marine  Sanctuary  Final  Environmental 
Impact  Statement/Management  Plan. 
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Coral  cover  on  the  reef  flat,  reef  slope  and  channel  walls  varies,  being  abundant  in  some  locations 
and  absent  in  others.  A  description  of  the  coral  cover  and  the  benthic  environment  affected  by  the 
proposed  outfall  route  is  discussed  in  Section  4.4. 3.3,  Existing  Marine  Biota,  as  the  alignment  and 
construction  method  were  selected  largely  to  avoid  significant  impacts  to  living  corals.  The 
following  is  a  general  description  of  the  biotic  zones  (see  Figure  3.4-1). 

The  shallow  reef  flat  area  south  of  the  treatment  plant  is  sand-rubble  out  to  approximately  914  m 
(3,000  ft)  from  the  WWTP.  Water  depths  average  less  than  0.6  m  (2  ft)  and  introduced  algae  are 
dominant.  Deeper  waters  of  the  reef  flat,  with  depths  averaging  about  0.9  m  (3  ft)  at  mean  low 
water,  extend  southeastward  an  additional  1,219  m  (4,000  ft).  In  this  area,  zones  of  sand,  rubble, 
and  hard  substratum  are  mixed.  Living  corals  occur  at  varying  densities  in  this  zone,  including  an 
area  of  "microatolls"  at  the  inner  portion  of  the  nonemergent  zone.  Seaward,  this  area  is  followed 
by  zones  dominated  by  algae  and  areas  relatively  devoid  of  both  living  coral  and  algae.  The  outer 
portions  of  this  zone  appear  to  experience  periodic  scouring  from  the  forces  of  storm  waves  acting 
on  loose  bottom  rubble,  with  subsequent  impact  on  sessile  organisms.  Coral  cover  in  this  zone 
is  less  than  one  to  two  percent.  The  channel  walls  and  reef  slopes,  with  water  depths  of  1.8  m 
(6  ft)  and  deeper,  support  greater  diversity  and  abundance  of  marine  life,  including  a  higher 
density  of  living  corals.  Coral  coverage  ranges  from  two  to  five  percent  on  the  slope  edge  to 
25  percent  or  greater  on  the  deeper  slope  in  the  channel.  At  depths  of  1 1  m  (35  ft)  to  1 2  m  (40  ft) 
and  deeper,  the  bottom  is  characteristically  sand  and  I  imestone  fragments  with  essential  ly  no  coral 
development.  Below  approximately  1 5  m  (50  ft),  which  is  the  channel  project  dredging  limit,  a 
sand  and  rubble  zone  occurs  with  an  occasional  "patch  reef"  structure  of  accreted  limestone 
appearing  among  the  coral  rubble,  on  which  corals  colonize.  These  solid  structures  comprise 
about  five  to  ten  percent  of  the  bottom,  with  aggregate  coral  cover  on  these  structures  comprising 
two  to  five  percent  of  the  bottom  area.  This  zone  extends  to  a  depth  of  less  than  21  m  (70  ft),  a 
horizontal  distance  of  less  than  1 52  m  (500  ft).  The  outfall  diffuser  area  is  in  waters  of  21  to  46  m 
(70  to  1 50  ft)  just  east  of  the  channel  entrance,  where  a  mixed  coral  rubble-sand  bottom  at  the  top 
of  the  zone  merges  into  gray  sand  in  the  deeper  portions. 

The  density  of  the  fish  communities  varies  along  the  proposed  outfall  route.  Although  fish  have 
been  observed  on  the  reef  flat  area  during  previous  surveys,  they  were  not  abundant.  Within  the 
coral  spur  and  groove  and  sand  rubble  zone  area  (see  Figure  3.4-1),  fish  were  observed  in  larger 
numbers.  In  fact,  fish  are  common  in  these  areas.  The  types  of  fish  observed  include  goatfish 
(Mullidae),  wrasses  {Laborides  pbthirophagus,  Pseudocheilinus  octotaenia,  Pseudojuloides 
cerasinus),  damselfish  (Pomacentridae),  and  mackerel  scad  (Decapterus  macarellus). 

As  discussed  in  Section  2.2. 2. 3,  Essential  Fish  Habitat  (EFH)  is  defined  as  waters  and  substrate 
required  for  fish  so  that  they  can  spawn,  breed,  feed,  or  grow,  and  within  EFH  are  Habitat  Areas 
of  Concern  (HAPC),  which  are  areas  believed  to  be  of  particular  importance  or  sensitivity.  The 
proposed  outfall  alignment  traverses  areas  identified  as  EFH,  and  the  diffuser  portion  of  the  outfall 
pipe  falls  within  the  depth  range  (46  m  [150  ft])  of  a  HAPC  for  bottomfish. 

3.6  Cultural  Resources 

The  Fort  Kamehameha  area  forms  the  seaward  zone  of  the  ahupua'a  of  Halawa,  the  easternmost 
land  division  in  the  Ewa  district.  The  historical  and  cultural  resources  of  the  Fort  Kamehameha  area 
are  discussed  in  this  section,  with  brief  information  on  the  role  of  this  location  during  precontact 
Hawaiian,  postcontact  Hawaiian,  and  American  periods. 
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3.6.1  Brief  History^^ 

Three  fishponds  previously  existed  in  the  vicinity  of  the  WWTP  and  were  named  Loko  Keoki,  Loko 
Waiaho,  and  Loko  Lelepaua.  These  ponds,  located  0.6  to  2.0  km  (0.4  to  1 .2  mi)  southeast  of  the 
WWTP  site,  were  used  to  cultivate  fish  and  were  the  property  of  the  high  chiefs.  Some  of  the  larger 
ponds  were  maintained  by  caretakers  who  lived  near  the  ponds.  Although  the  exact  construction 
dates  are  unknown,  they  were  believed  to  have  been  built  during  the  period  prior  to  European 
contact  in  1 778.  These  ponds  then  underwent  systematic  filling  from  the  1 870s  to  early  1900s, 
and  probably  no  longer  existed  by  1919.  Queen  Emma  maintained  a  residence  near  these 
fishponds  from  the  1870s  until  her  death  in  1885.^^  In  fact,  Loko  Waiaho  was  also  known  as 
Queen  Emma's  pond. 

Around  1900,  the  Honolulu  Plantation  Company  expanded  sugar  production  into  the  Fort 
Kamehameha  area.  In  1 906,  Watertown,  a  housing  camp  for  dredge  and  dock  workers  employed 
at  Pearl  Harbor,  was  established  north  of  Fort  Kamehameha.  The  community  grew  and  eventually 
became  known  for  gambling.  The  town  was  demolished  for  airport  improvements  in  1 935.  These 
airport  expansions  also  brought  an  end  to  sugar  production  in  this  area. 

Fort  Kamehameha  was  acquired  by  the  military  in  1907,  and  beginning  in  1908,  dredge  spoils 
from  Pearl  Harbor  were  deposited  throughout  the  adjacent  wetlands.  From  1913  to  1915,  the 
housing,  various  gun  batteries,  and  the  connecting  railway  system  were  completed.  Now,  most 
of  Fort  Kamehameha  serves  as  housing  for  mi  I  itary  personnel,  and  the  gun  batteries  serve  as  offices 
and  storage  space.  Northwest  of  the  housing  area  is  the  WWTP  at  Fort  Kamehameha. 

3.6.2  Present  Cultural  Resources 

Cultural  resources  (which  include  archaeological  and  historical  artifacts  or  places  of  significance) 
in  the  vicinity  of  the  WWTP  are  present  on  land  in  both  surface  and  subsurface  conditions. 
Subsurface  sites  include  both  precontact  and  historic  cultural  remains  and  burials.  Surface  sites 
include  the  historic  Battery  District  associated  with  Fort  Kamehameha  and  the  historic  houses.  The 
Battery  District  is  listed  on  the  National  Register  of  Historic  Places,  while  the  houses  have  been 
determined  eligible  for  listing  on  the  Register. 

Archaeological  investigations  conducted  in  support  of  the  WWTP  expansion  project  resulted  in 
the  identification  and  recovery  of  subsurface  cultural  remains  such  as  precontact  and  historical 
artifacts,  pit  features,  and  burials.  Archaeological  data  recovery  and  treatment  of  burials  were 
carried  out  in  conformance  with  a  1 992  Memorandum  of  Agreement  (MOA)  among  the  Navy,  the 
State  Historic  Preservation  Officer,  and  the  Advisory  Council  on  Historic  Preservation.  The  MOA 
was  prepared  in  consultation  with  the  Office  of  Hawaiian  Affairs  and  Hui  Malama  I  Na  Kupuna 
O  Hawaii  Nei. 

3.7  Land  Use 

Different  land  areas  would  be  involved  in  the  construction  and  operation  of  the  proposed  project 
and  its  alternatives.  Construction  activities  for  the  proposed  action  involve  the  western  shoreline 
area  of  Hickam  AFB,  which  is  owned  by  the  U.S.  Air  Force. 


^^Conrad  Erkelens  and  J.  Stephen  Athens  (March  1 992)  Archaeological  Review  and  Recommendations  for  the  Fort 
Kamehameha  Sewage  Treatment  Plant  Expansion  and  Housing  Relocation  Plans;  P.  Christian  Klelger  (December  1995)  NaMaka  o 
Ha/awa  Ahupua%  Oahu.  Prepared  for  State  of  Hawaii  Department  of  Transportation, 

^^Queen  Emma  was  the  wife  of  Kamehameha  IV  Alexander  Liholiho. 
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The  underground  injection  alternative  considers  using  the  undeveloped  area  southeast  of  the 
WWTP  for  an  injection  well  field  (see  Figure  2.3-1).  This  area,  which  has  been  designated  a 
jurisdictional  wetland,  is  mostly  barren  with  some  vegetation  along  its  southwestern  border.  A 
distribution  system  for  this  alternative  would  have  to  be  constructed  to  convey  the  effluent  to  the 
disposal  site.  Areas  throughout  Hickam  AFB,  including  housing  areas  and  various  other  land  areas, 
would  potentially  be  within  the  project  area. 

3.8  Socioeconomic  Environment 

3.8.1  Economic  Activities  and  Surrounding  Communities 

The  Fort  Kamehameha  project  area  is  located  in  a  region  where  the  primary  economic  endeavors 
are  agriculture,  commercial  and  industrial  enterprises,  and  military  activities.  Major  land  areas  in 
the  vicinity  of  the  WWTP  include  Hickam  AFB,  Honolulu  International  Airport,  the  Pearl  Harbor 
Naval  Complex,  and  the  communities  of  Salt  Lake,  Moanalua,  Pearl  City,  Waipahu,  and  Waipio. 

3.8.2  Military  Population 

In  1996,  the  Pearl  Harbor  Naval  Complex  employed  approximately  18,100  active  military 
personnel  and  approximately  7,600  civilian  employees;^^  Hickam  Air  Force  Complex,  including 
Hawaii  Air  National  Guard  (HIANG)  facilities  at  Hickam,  employed  approximately  4,920  full-time 
active  military  personnel  and  approximately  1,850  full-time  civilian  employees.^®  While  reduction 
in  forces  has  decreased  these  employee  numbers  somewhat  in  recent  years,  military  personnel 
numbers  may  again  increase.  The  WWTP  at  Fort  Kamehameha  has  been  recently  expanded  to 
meet  these  fluctuations  and  to  provide  the  treatment  capacity  to  handle  anticipated  peak  flows. 

3.8.3  Ocean  Activities 

A  site-specific  survey  was  conducted  in  the  months  of  October  through  December  of  1 996.  The 
purpose  of  the  survey  was  to  provide  background  information  about  ocean  activities  in  the  vicinity 
of  the  proposed  outfall  location.  The  results  of  the  survey  are  summarized  below  and  included  in 
Appendix  IX.  Subsequently,  an  advisory  warning  against  eating  fish  and  shellfish  from  Pearl 
Harbor  and  urban  streams  in  Honolulu  was  issued  by  DOH  in  August  1998. 

Ocean  activities  occurring  in  the  possible  region  of  influence  of  the  WWTP  outfall  include 
personal  consumptive,  commercial,  and  recreational  undertakings.  Such  activities  as  netting, 
fishing,  trapping,  tropical  fish  collecting,  surfing,  scuba  diving,  paddling,  kayaking,  and  shelling 
occur  in  this  area.  A  more  detailed  discussion  of  these  various  ocean  activities  is  included  in 
Section  4.5  and  Appendix  IX. 

Ocean  activities  occur  most  commonly  between  the  Reef  Runway  and  the  Pearl  Harbor  Entrance 
Channel  and  are  usually  concentrated  on  the  shoreline  at  the  Hickam  Outdoor  Recreational 
Facility  (which  includes  Honeymoon  Beach  Park,  Hickam  Beach  Park,  and  Hickam  Harbor),  the 
Hickam  Wetland  Management  Area,  and  the  Fort  Kamehameha  housing  area  (see  Figure  4.5-1  for 
locations).  Even  though  the  beach  at  Hickam  Beach  Park  is  small  and  the  water  is  murky,  most 


^^Written  communication  with  staff,  Public  Affairs  Office,  COMNAVBASE,  Pearl  Harbor  (August  28,  1997);  Verbal 
communication  with  staff,  Public  Affairs  Office,  COMNAVBASE,  Pearl  Harbor  (August  28,  1997). 

^Verbal  communication  with  staff,  Hawaii  Air  National  Guard  Headquarters  (August  28,  1997);  Written  communication  with 
staff  1 5th  Air  Base  Wing,  Public  Affairs  Office  (August  26,  1997). 


3-14 


Final  Environmental  Impact  Statement 

Outfall  Replacement  for  WWTP  at  Fort  Kamehameha 


Regional  Environmental  Setting 
March  2001 


activities  occur  here  because  it  is  easily  accessible  by  nearby  military  personnel.  Offshore  activities 
are  concentrated  on  the  shallow  reef  flat  or  reef  slope  (see  Figure  4.5-1). 

Because  the  military  has  jurisdiction  over  the  Pearl  Harbor  Defensive  Sea  Area  (see  Figure  1 .6-1), 
the  Pearl  Harbor  Entrance  Channel  and  Hickam  Harbor  are  restricted  to  vessels  owned  and 
operated  by  military  or  Department  of  Defense  (DoD)  personnel.  Several  commercial  fishing  and 
tour  boats  have  been  authorized  to  operate  in  the  Pearl  Harbor  vicinity.  Civilian  wateraaft  are  not 
allowed  inshore  of  the  Reef  Runway. 

DoD  personnel,  their  family  members,  and  guests  may  fish  reaeationally  in  certain  Navy-owned 
and  Air  Force-owned  areas.  In  August  1998,  the  DOH  issued  an  advisory  regarding  the 
consumption  of  fish  and  shellfish  from  Pearl  Harbor.  The  Navy  and  Air  Force  have  posted  signs 
along  the  shoreline  of  Pearl  Harbor  informing  DoD  personnel  and  the  general  public  of  this 


advisory. 

3.9 

Utilities 

3.9.1 

Water  Supply 

3.9.1.1 

Potable  Water 

The  Navy  potable  water  system  in  the  Pearl  Harbor  area  has  two  primary  groundwater  sources, 
Waiawa  and  Red  Hill,  with  a  third  groundwater  source  at  Halawa  maintained  for  backup 
purposes.  Waiawa,  Red  Hill,  and  Halawa  Tunnel  have  maximum  effective  pum page  capacities  of 
102,000  mVday  (27  mgd),  719,000  mVday  (190  mgd),  and  26,500  mVday  (7  mgd),  respectively. 
Assuming  normal  rainfall  conditions,  the  assessed  sustained  pumping  yield  of  the  Navy  supply 
sources  is  157,000  mVday  (41  mgd).  Two  23,000  cubic  meter  (m^)  (6  million  gallon  [gal])  tanks 
at  Halawa  store  fresh  water  for  peak  demands  and  any  emergencies.  Four  other  storage  tanks  hold 
4,900  m^  (1.3  million  gal)  of  water,  collectively.  Freshwater  distribution  lines  are  located 
throughout  the  Pearl  Harbor  Naval  Complex.  The  Navy's  water  system  is  interconnected  with  the 
Board  of  Water  Supply  (BWS)  system  to  increase  the  flexibility  of  the  Navy  system,  especially  in 
times  of  emergency.  On  average,  an  estimated  42,000  mVday  (1 1  mgd)  of  potable  water  from  the 
Pearl  Harbor  water  system  is  used  at  Pearl  Harbor.^^  The  Pearl  Harbor  water  system  also  supplies 
Hickam  AFB  with  potable  water.  Hickam  AFB  uses  approximately  8,300  mVday  (2.2  mgd)  of 
potable  water.^° 

Potable  water  is  provided  to  the  WWTP  through  a  30-cm  (12-inch)-diameter  pipe  under  Fort 
Kamehameha  Road  which  supplies  potable  water  to  Hickam  AFB.  The  WWTP  uses  potable  water 
mainly  for  maintenance  and  cleanup  within  the  plant. 

3.9.1. 2  Nonpotable  Water 

Between  July  1994  and  June  1995,  the  Pearl  Harbor  district,  which  includes  Waipio,  Mililani, 
Waipahu,  Waiawa,  Pearl  City,  Waimalu,  and  Aiea,  used  approximately  1,010  mVday 
(267,000  gal/day)  of  nonpotable  water  from  the  BWS  for  irrigation  purposes.^'  Nonpotable  water 
is  not  currently  being  used  at  Pearl  Harbor  Naval  Complex  or  Hickam  AFB. 


^Verbal  communication  with  Environmental  Engineer,  Navy  Public  Works  Center  (March  25, 1 997). 

^Verbal  communication  with  Environmental  Engineer,  Hickam  Air  Force  Base  (May  13,  1997). 

^'City  and  County  of  Honolulu,  Board  of  Water  Supply  (no  date)  Annua/  Report  and  Statistical  Summary  July  1,  1994-  June 
30,  1995. 
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The  Honolulu  International  Airport  presently  uses  an  average  of  approximately  36,000  mVday 
(9.5  mgd)  of  nonpotable  groundwater  for  irrigation  purposes.  Although  only  potable  water  is 
presently  being  used,  consideration  is  currently  being  given  to  the  use  of  nonpotable  water  for 
irrigation  of  the  Navy-Marine  Golf  Course  within  the  Pearl  Harbor  Naval  Complex. Plans  to 
supply  nonpotable  irrigation  water  to  the  Hickam  Mamala  Bay  Golf  Course  are  currently  being 
pursued  by  Hickam  AFB  and  the  BWS.” 

3.9.2  Sewer  System 

The  Pearl  Harbor  Naval  Complex  and  Hickam  AFB  each  have  sanitary  sewer  systems  consisting 
of  gravity  mains  and  sewage  lift  stations.  Flow  generated  by  the  Hickam  Complex  is  pumped  to 
the  WWTP  at  Fort  Kamehameha  from  the  main  Air  Force  sewage  pump  station.  Flow  generated 
by  the  Pearl  Harbor  Complex  is  pumped  to  the  WWTP  from  the  main  Navy  sewage  pump  station. 

3.9.3  Electricity 

Electrical  power  for  the  Pearl  Harbor  Naval  Complex  is  provided  by  Hawaiian  Electric  Company. 
There  are  two  sources  of  primary  power  to  the  WWTP:  an  1 1 .5  kilovolts  (kV)  Fort  Kamehameha 
circuit  and  an  alternate  1 1 .5  kV  circuit  servicing  the  HIANG.  These  two  feeder  lines  come  from 
a  substation  at  Hickam  AFB  and  bring  power  into  the  existing  1,000  kilovolt-amperes  main 
transformer  at  the  WWTP,  where  it  is  stepped  down  to  480  volts  and  distributed  throughout  the 
plant.  The  two  primary  power  feeders  and  the  existing  transformer  have  the  capacity  to  operate 
the  entire  plant.  Two  generators,  600  kilowatt  (kW)  and  1400  kW,  are  maintained  as  a  third  source 
of  power  in  case  of  emergency. 

3.10  Navigation 

Executive  Order  8143  established  the  Pearl  Harbor  Defensive  Sea  Area  (see  Figure  1.6-1)  and 
prohibits  civilian  wateraaft  within  Pearl  Harbor  unless  authorized  by  the  Navy.  Certain  areas  of 
the  harbor  also  have  additional  restrictions  because  of  naval  navigational  concerns,  explosive 
hazards,  or  security  requirements. 

In  addition  to  regulatory  constraints,  other  constraints  pertaining  to  navigation  include  the  depth, 
width,  and  overhead  clearance  of  navigable  channels  within  Pearl  Harbor  and  existing  uses  of  the 
harbor.  The  width  of  the  entrance  channel  varies  from  approximately  500  to  300  m  (1,600  to 
1,000  ft),  while  the  depth  ranges  from  45  to  12  m  (150  to  40  ft)  in  the  area  of  the  proposed  outfall. 
There  are  no  overhead  obstructions  to  navigation  at  the  entrance. 

In  addition  to  the  passage  of  naval  vessels,  navigational  uses  of  Pearl  Harbor  include  authorized 
tour  boats,  military  recreational  boating  from  Rainbow  Bay  Marina  (in  Aiea  Bay),  and  emergency 
vessels. 

3.11  Roads  and  Traffic 

Access  to  the  WWTP  site  is  via  Fort  Kamehameha  Road,  a  paved,  two-lane  road  within  Hickam 
AFB.  Aligned  in  a  northwest-southeast  direction  at  the  WWTP,  the  road  runs  from  Vickers  Avenue 
to  the  Hickam  Golf  Course.  The  Hickam  AFB  main  entrance  gate  is  located  on  Vandenberg 

’Verbal  communication  with  Maintenance  Supervisor,  Navy-Marine  Golf  Course  (April  1997). 

’’city  and  County  of  Honolulu,  Board  of  Water  Supply  (March  1996)  Final  Environmental  Assessment  for  Hickam  Coif  Course 
Nort-Potable  12-Inch  Water  Main. 
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Avenue.  All  roads  in  Hickam  AFB  are  in  good  condition.  No  problems  with  traffic  congestion  have 
been  reported  in  the  vicinity  of  the  WWTP. 

3.12  Aviation 

Areas  within  the  Fort  Kamehameha  region  are  subject  to  aviation  influences  from  the  runways  at 
Hickam  AFB  and  Honolulu  International  Airport.  Besides  aircraft  noise  from  both  Honolulu 
International  Airport  and  Hickam  AFB,  the  potential  for  aircraft  accidents  is  a  specific 
consideration  in  determining  the  compatibility  of  land  uses  surroundingan  air  installation.  Several 
approaches  to  runways  at  Hickam  AFB/Honolulu  International  Airport  pass  over  the  project  site. 
The  elevation  of  vertical  obstructions  to  air  navigation  at  the  site  is  managed  by  the  U.S.  Air  Force 
and  the  Federal  Aviation  Administration. 

3.13  Existing  Ordnance 

Military  munitions  that  have  been  primed,  fuzed,^**  armed,  or  otherwise  prepared  for  action,  and 
have  been  fired,  dropped,  launched,  projected,  or  placed  in  such  a  manner  as  to  pose  a  hazard 
to  operations,  installation,  personnel,  or  material  and  remain  unexploded  either  by  malfunction, 
design,  or  for  any  other  cause  are  referred  to  as  unexploded  ordnance  (UXO).^^  The  hazardous 
context  is  an  important  distinction  for  an  Explosive  Ordnance  Disposal  (EOD)  response  since  not 
all  UXO  is  equally  hazardous.  The  hazardous  state  definition  generally  includes  dud-fired 
ordnance  and  munitions  that  have  deteriorated  or  been  damaged  so  that  normal  handling 
procedures  are  risky,  and  includes  deployed  "inert"  ordnance,  as  these  items  may  have  intact 
pyrotechnic  spotting  charges.  UXO  in  the  marine  environment  would  generally  be  considered 
hazardous.^®  A  distinction  can  be  made  between  "UXO"  and  "dumped  ordnance"  (i.e.,  ordnance 
for  which  the  fuze  typically  had  not  been  actuated  nor  the  ordnance  projected  downrange) 
because  dumped  ordnance  would  normally  be  considered  less  hazardous  than  UXO.  However, 
in  the  underwater  environment  with  lack  of  sufficient  information,  even  dumped  ordnance  must 
be  considered  and  treated  as  "UXO"  until  determined  by  EOD  experts  to  be  otherwise. 

Two  ordnance  items  were  observed  during  a  benthic  survey  in  October  1 998.  One  ordnance  item 
was  an  1 1 .3  kg  (25  lb)  World  War  I  era  practice  bomb.  It  was  located  in  approximately  1 .5  m  (5  ft) 
of  water  along  the  miaotunneling  segment.  This  item  was  identified  as  nonhazardous  and 
subsequently  removed.  The  second  ordnance  item  was  a  6-inch  diameter  projectile  located  just 
west  of  the  outfall  alignment,  in  the  entrance  channel.  This  item  was  also  eventually  removed. 
Based  on  these  findings,  historical  research  of  the  area  was  conducted.  According  to  the  research, 
dumping  munitions-usually  unfuzed  or  unactuated-from  Navy  vessels  did  occur.  Such  actions 
were  done  as  a  matter  of  convenience  prior  to  the  1 970s.  Even  though  it  is  possible  that  dumped 
munitions  are  present  in  and  around  Pearl  Harbor,  it  is  extremely  unlikely  that  they  have  worked 
their  way  onto  the  shallow  reef  areas  where  land-based  trenching  activities  will  occur. 

In  addition,  research  revealed  that  the  area  seaward  of  the  current  WWTP  was  used  as  a  firing 
range  for  Fort  Kamehameha  and  an  associated  Gun  Park  area  during  the  1920s  to  1940s.  There 
were  four  major  batteries  within  the  Fort  Kamehameha  and  Gun  Park  areas.^^  Guns  were  also 
mounted  on  rail  cars  within  the  fort.  Guns  used  at  the  fort  included  7.6-cm  (3-in),  1 5.2-cm  (6-in), 


^his  spelling  is  conventionally  used  with  reference  to  ammunition. 

^^Department  of  Defense  (February  21, 1996  revised  September  13, 1996)  Draft  Proposed  Military  Range  Rule.  Volume  61, 
Federal  Register,  p.  6,588. 

^^A.  Pederson  (April  1 997)  The  Challenges  of  UXO  in  the  Marine  Environment.  Conference  Proceedings  of  the  UXO  Forum, 
Nashville,  TN. 

’^W.  Dorrance  (May  1 993)  Fort  Kamehameha,  The  Story  of  the  Harbor  Defenses  of  Pearl  Harbor. 
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and  30.5-cm  (1 2-in)  types.  There  have  also  been  several  Army  Coastal  Defense  Artillery  batteries 
within  range,  at  one  time  or  another,  of  all  portions  of  the  area  under  consideration  for  the  outfall. 
The  Army  terminated  this  function  nationally  by  1 948.  Therefore,  it  is  possible  that  different  types 
of  ordnance,  whether  fired  from  batteries  or  dumped  from  Navy  vessels,  may  be  located  at  any 
point  along  the  proposed  outfall  alignment. 

A  wide  variety  of  munition  calibers  may  potentially  be  located  in  the  battery  impact  areas  with  the 
majority  being  subcaliber  and  inert.  The  inert  major  caliber  rounds  were  fired  for  service  practice. 
Thus,  it  is  likely  that  more  inert  projectiles  may  be  located  in  the  battery  impact  areas  than  live, 
unexploded  projectiles.  However,  not  all  the  projectiles  fired  were  inert.  For  example,  a  battery 
at  Ahua  Point  fired  1 55  mm  projectiles  and  there  were  no  drill  or  practice  firing  projectiles  for  that 
time  period.^®  As  indicated  above,  deployed  inert  ordnance  is  included  in  the  hazardous  state 
definition,  as  these  items  may  have  intact  pyrotechnic  spotting  charges. 

Typically,  projectiles  fired  during  practice  passed  over  and  beyond  the  project  site.  The  area  under 
consideration  for  this  project  is  located  within  approximately  3.4  km  (2.1  mi)  of  the  practice 
ranges.  The  minimum  ranges  for  major  caliber  "service  practice"  exercises  were  determined  to  be 
about  4.5  km  (2.8  mi),  which  is  well  offshore  of  the  area  under  consideration.  However,  it  is 
possible  that  gun  batteries  not  considered  part  of  Fort  Kamehameha  were  present  and  firing  into 
the  area  of  concern.  In  addition,  subcaliber  rounds  may  still  be  expected  within  the  area,  although 
designation  of  such  a  close-in  firing  area  is  not  likely  for  safety  reasons.  The  Army  shore  batteries 
should  have  fired  most  of  their  rounds  outside  of  the  area  of  the  proposed  alignment  construction 
corridor.  Therefore,  most  practice  rounds  are  believed  to  have  impacted  beyond  the  area  of  the 
proposed  outfall  construction  corridor. 

A  more  detailed  diving/visual  and  magnetometer  survey  was  performed  in  March-April  1999  to 
estimate  the  number  of  ordnance  items  that  might  exist  within  the  project  construction  corridor. 
The  portion  of  the  alignment  that  will  be  microtunneled  was  not  surveyed  since  trenching  would 
not  be  conducted  in  this  area,  and  it  is  unlikely  that  ordnance  items  are  located  ata  depth  of  4.9  to 
9.8  m  (1 6  to  32  ft)  below  the  coralline  substrate.  The  results  of  the  magnetometer  survey  were 
inconclusive  primarily  due  to  the  large  quantities  of  metallic  debris  in  the  area.  However,  during 
diving/visual  observations,  one  inert  (hollow)  6-inch  projectile  was  discovered  along  the  channel 
edge  and  five  more  6-inch  projectiles  were  discovered  in  the  survey  area. 

In  August  1999,  the  Navy  Explosive  Ordnance  Disposal  Mobile  Unit  Three  detachment  disposed 
of  the  six  projectiles  discovered  during  the  survey.  These  projectiles  were  found  to  be  unfired  and 
were  removed  from  the  water,  transported  to  Schofield  Barracks,  and  destroyed  following 
established  protocols.  Of  the  six  projectiles  removed  from  the  site,  five  did  not  contain  any  form 
of  fuzing  and  were  considered  to  be  inert.  The  sixth  projectile  contained  a  fuze,  but  had  not  been 
fuzed  or  prepared  for  action,  which  typically  occurs  upon  firing.  All  of  the  projectiles  were 
probably  used  for  training  and  dumped  at  the  location  circa  1914. 

Based  on  these  observations  and  information  from  other  dives  conducted  in  the  area,  there  are  no 
known  ordnance  items  within  the  construction  corridor. 


^“U.S.  Army  (29  July  1 940)  Seacoast  Artillery;  Organization  and  Taaics.  War  Department,  Coast  Artillery  Field  Manual, 
FM4-5. 
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ANALYSIS  OF  IMPACTS  AND  MITIGATION 


4.1  Introduction  and  Organization  of  this  Chapter 

This  chapter  identifies  and  compares  the  anticipated  environmental  impacts  of  the  proposed  action 
the  underground  injection,  and  no-action  alternatives,  as  desaibed  in  Chapter  2.  These  impacts 
are  evaluated  for  significance  with  consideration  given  to  the  proposed  mitigative  actions. 

The  issues  identified  during  the  scoping  process  were  screened  for  potential  significance  using 
relevant  measures  of  effect.  Issues  that  were  identified  as  significant  as  a  result  of  this  initial 
screening  were  evaluated  in  further  detail.  Proposed  mitigation  has  been  identified  for  each 
potential  impact,  and  the  mitigated  impacts  were  analyzed  relative  to  existing  conditions  using 
specific  parameters  and  factors. 

The  categories  of  issues  identified  during  scoping  as  potentially  significant,  listed  below,  are 
discussed  in  Sections  4.4  through  4.10: 

•  Effects  on  the  aquatic  environment, 

•  Socioeconomic  effects, 

•  Effects  on  protected  species, 

•  Cultural  issues, 

•  Public  health  issues, 

•  Navigational  impacts,  and 

•  Water  as  a  resource. 

For  each  category,  the  potential  significance  of  the  direct  and  indirect  impacts  and  cumulative 
effects  of  project-related  impacts  with  relevant  non-project-related  impacts  are  analyzed. 

4.2  Significance  Factors  and  Evaluation  Parameters 

4.2.1  Screening  of  Issues 

Council  on  Environmental  Quality  (CEQ)  regulations  require  that  an  environmental  impact 
statement  (EIS)  evaluate  the  relevant  and  potentially  significant  impacts  of  a  proposed  action  on 
both  natural  and  human  environments.  The  potential  issues  are  determined  during  scoping,  which 
includes  public  comment.  The  list  of  possible  issues  is  then  screened  for  relevance.  An  issue  is 
considered  relevant  if  an  impact  associated  with  it  is  a  foreseeable  consequence  of  the  action  or 
results  in  a  foreseeable  consequence  when  viewed  cumulatively  with  impacts  of  any  other  action. 

CEQ  regulations  require  that  the  following  factors  be  considered  in  determining  whether  an  issue 
requires  evaluation  under  the  National  Environmental  Policy  Act  (NEPA): 

•  Affects  public  health  and  safety. 

•  Affects  unique  characteristics  of  a  geographic  area  (historical/cultural  resources,  wetlands, 
ecologically  aitical  areas,  wild/scenic  rivers,  parks). 

•  Is  highly  controversial. 

•  Involves  highly  uncertain,  unique,  or  unknown  risks. 
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•  Establishes  a  precedent. 

•  Generates  cumulatively  significant  effects. 

•  Involves  sites  listed  or  with  the  potential  to  be  listed  on  the  National  Register  of  Historic 
Places. 

•  Affects  plants  or  an  i mals  I  isted  as  threatened  or  endangered  under  the  Endangered  Species  Act. 

•  May  violate  laws  or  requirements  imposed  for  protection  of  the  environment. 

4.2.2  Significance  Factors 

CEQ  regulations,  40  Code  of  Federal  Regulations  (CFR)  1500  to  1508,  provide  guidelines  for 
evaluating  the  significance  of  impacts  resulting  from  an  action.  These  guidelines  include  the 
following  considerations  for  determining  whether  a  potential  impact  is  significant: 

•  Absolute  value  of  change. 

•  Relative  amount  of  change. 

•  Effect  of  the  change  on  a  resource,  population,  or  condition. 

•  Duration  of  the  effect. 

•  Ceograph ic  extent  of  the  effect. 

•  Affected  population. 

These  factors  are  applied  to  the  foreseeable  direct,  indirect,  and  cumulative  impacts  of  the 
proposed  action  and  the  underground  injection  and  no-action  alternatives.  Speculative 
consequences  do  not  have  to  be  evaluated.  A  worst-case  analysis  is  not  required,  but  conservatism 
is  employed  throughout  this  document  in  performing  calculations  and  estimating  impacts. 

4.2.3  Parameters  Selected  for  Evaluation 

The  intent  of  CEQ  regulations  is  to  evaluate  the  significance  of  potential  environmental  impacts 
resulting  from  an  action.  Parameters  have  therefore  been  established  to  evaluate  impacts  related 
to  each  relevant  and  potentially  significant  issue.  The  parameters  or  conditions  have  been 
measured  by  comparing  anticipated  impacts  with  the  factors  used  to  determine  significance.  The 
parameters  selected  and  the  methods  of  evaluation  were  chosen  to  facilitate  comparison  among 
alternatives  and  to  measure  relative  and  absolute  change  induced  by  the  action.  The  absolute 
change  has  been  compared  with  regulatory  standards,  where  applicable.  The  initial  saeening 
aiteria  selected  for  this  EIS  are  presented  in  Table  4.2-1 . 

Each  of  the  relevant  and  potentially  significant  issues  analyzed  in  the  following  sections  is 
preceded  by  a  discussion  of  parameters  or  conditions  selected  for  evaluation  and  the  evaluation 
methodology.  These  parameters  are  summarized  below: 

•  Aquatic  Environment  -  Whether  water  quality  is  changed,  size  and  location  of  the  potential 
zone  of  mixing  (ZOM),  and  the  rate  of  contaminant  discharge  to  receiving  waters;  whether  the 
marine  environment  is  changed,  size  of  bottom  area  directly  impacted,  area  of  living  coral 
affected,  and  duration  of  each  impact. 

•  Socioeconomics  -  Project  cost,  recreational  activities  affected,  economic  activities  affected, 
population  affected,  assured  continuation  of  wastewater  disposal  services,  and  duration  of 
each  impact. 
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•  Protected  Species  -  Presence  of  protected  species  in  affected  area,  type  of  habitat  use,  amount 
of  habitat  lost,  duration  of  loss,  potential  for  harm  to  individuals  or  species. 

•  Cultural  Resources  -  Whether  resources  are  present  in  the  region  of  influence,  type  and  value 
of  resources,  and  potential  for  damage  or  disturbance  of  resources. 

•  Public  Health  and  Safety  -  Presence  of  ordnance  items  in  the  construction  corridor;  whether 
exposure  to  pathogens  or  toxins  is  created,  population  potentially  exposed,  frequency  of 
exposure,  and  potency  of  exposure. 

•  Navigation  -  Whether  the  project  poses  an  obstruction  to  navigation,  potential  for  damage  to 
the  outfall  by  ship  anchors. 

•  Potable  Water  Resources  -  Quantity  consumed  and  quantity  conserved. 

4.3  Screening  of  Issues  for  Detailed  Evaluation 

This  section  presents  the  issues  identified  during  scoping,  screens  them  for  potential  significance 
based  upon  specific  screening  criteria,  and  determines  which  issues  require  detailed  evaluation. 
Table  4.2-1  lists  the  issues,  the  screening  criteria  used  to  evaluate  potential  significance,  and  the 
significance  of  each  issue  under  the  proposed  action  and  alternatives.  Issues  anticipated  to  be 
nonsignificant,  or  for  which  associated  impacts  are  easily  mitigated  by  existing  regulations  or 
standard  operating  procedures,  are  not  carried  forward  for  further  analysis  of  the  alternatives. 

4.3.1  Nonsignificant  Issues 

The  following  issues  were  raised  in  scoping  but  have  been  determined  to  be  nonsignificant  for  the 
proposed  action,  underground  injection,  and  no  action.  While  not  directly  addressed,  some  of 
these  matters  are  related  to  or  part  of  other  issues. 

•  Air  quality, 

•  Solid  waste, 

•  Storm  water  drainage, 

•  Aesthetics/view  shed, 

•  Terrestrial  environment, 

•  Government  services, 

•  Housing, 

•  Telephone  and  communications, 

•  Public  services,  and 

•  Introduced  species. 

The  rationale  for  a  determination  of  nonsignificance,  such  as  the  nature  of  the  action  or  its 
location,  is  provided  in  Table  4.2-1.  Components  of  the  terrestrial  environment  are  covered  under 
various  physical  environment  and  land  use  categories  in  Table  4.2-1. 

4.3.2  Nonsignificant  Issues  Mitigated  by  Management  Requirements 

The  following  issues  were  screened  for  potential  significance  and  found  to  be  nonsignificant  due 
to  regulatory  standards  imposing  routine  mitigative  or  protective  measures,  including  existing 
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BMPs  or  SOPs.  Some  of  these  issues  are  subsumed  or  considered  in  conjunction  with  other  issues. 

The  rationale  for  the  determination  of  nonsignificance  is  presented  below. 

•  Soils  -  The  only  potential  soil  impacts  of  the  proposed  action  or  the  underground  injection 
alternative  would  be  related  to  stockpiling  of  excavated  material  for  backfill  or  subsequent 
disposal.  Application  of  standard  stockpiling  and  transporting  regulations  would  render  the 
potential  impacts  from  these  activities  nonsignificant.  The  no-action  alternative  would  not 
impact  soils  because  construction  is  not  proposed. 

•  Traffic  -  Access  to  the  construction  staging  areas  for  workers  and  vehicles  hauling  construction 
materials  will  be  via  Vandenburg  Boulevard,  Vickers  Avenue,  and  Fort  Kamehameha  Road 
from  the  Hickam  Air  Force  Base  (AFB)  Main  Gate.  This  standard  route  for  all  traffic  to  the  Fort 
Kamehameha  area  passes  through  primarily  industrial  areas,  although  there  is  a  residential  area 
northwest  of  Vickers  Avenue.  A  maximum  of  approximately  30  construction  workers  is 
anticipated  at  any  one  time.  The  number  and  frequency  of  vehicles  along  this  route,  due  to  the 
construction  of  the  proposed  replacement  outfall  or  the  underground  injection  alternative, 
would  be  similar  to  the  traffic  generated  for  similar  construction  projects  in  the  area  (e.g.,  the 
recently  completed  WWTP  expansion  project)  and  is  not  expected  to  have  an  adverse  impact 
upon  the  traffic  flow  and  pattern  on  these  roads.  The  no-action  alternative  is  not  expected  to 
impact  traffic  since  no  construction  activities  are  proposed. 

Access  to  the  outfall  construction  sites  on  the  reef  flat  will  be  by  rubber-tired  or  tracked 
vehicles  from  the  staging  area  north  of  the  WWTP.  Construction  materials,  such  as  the  outfall 
pipe,  may  be  brought  to  the  site  by  barge  from  another  harbor,  such  as  Honolulu  Harbor. 
Material  excavated  from  the  reef  flat  for  the  proposed  replacement  outfall  that  is  not  used  for 
backfi  1 1  may  be  hauled  to  the  staging  area  north  of  the  WWTP  or  to  H  ickam  Harbor  for  transfer 
to  a  barge  for  ocean  disposal.  It  is  estimated  that  the  maximum  frequency  of  round  trips  for  this 
purpose  would  be  approximately  four  trucks  per  hour.  For  the  alignment  on  the  northern 
portion  of  the  reef  flat,  the  route  would  be  through  the  staging  area  adjacent  to  the  WWTP  and 
approximately  0.68  kilometers  (km)  (0.4  mile  [mi])  on  the  paved  road  to  the  barge  loading 
facility  north  of  the  WWTP.  This  route  passes  between  the  WWTP  and  the  Fort  Kamehameha 
housing  area  and  circumvents  the  WWTP.  If  the  optional  barge  loading  facility  located  at 
Hickam  Harbor  is  used,  the  route  would  be  approximately  1 .6  km  (1  mi)  on  the  paved  road. 
This  route  would  circumvent  the  Fort  Kamehameha  housing  area  and  pass  through  industrical 
and  vacant  areas.  For  excavation  on  the  southern  portion  of  the  reef  flat,  the  route  to  the  barge 
loading  facility  north  of  the  WWTP  would  be  across  the  reef  flat  to  the  unpaved  access  road 
between  the  Fort  Kamehameha  wetlands  and  the  housing  area.  This  route  is  approximately 
1.1  km  (0.7  mi)  one-way  on  the  paved  road  (see  Figure  2.2-6).  The  route  to  the  optional  barge 
loading  facility  via  the  reef  access  corridor  is  approximately  0.64  km  (0.4  mi)  one-way  on  the 
paved  road.  Both  routes  are  bordered  by  a  combination  of  vacant  and  industrial  areas.  Based 
on  the  estimated  vehicular  frequencies,  travel  distances  and  routes,  and  the  existing  traffic 
densities,  the  impact  of  outfall  construction  activities  upon  traffic  is  not  potentially  significant. 

•  Noise  -  Outfall  construction  activities  will  not  involve  any  exceptional  noise-producing 
activities  except  for  driving  of  piles  for  installation  of  the  final  section  of  the  outfall  pipe, 
including  the  diffuser  section.  Because  pile-driving  will  occur  approximately  2.7  km  (1 .7  mi) 
from  the  Fort  Kamehameha  housing  area  and  2.1  km  (1.3  mi)  from  the  Hickam  Harbor 
recreational  beach  area,  and  because  construction  activities  will  be  limited  to  hours  between 
7:00  a.m.  and  7:00  p.m.,  the  noise  impacts  are  not  potentially  significant.  Likewise,  the 
construction  activities  for  the  underground  injection  alternative  will  be  limited  to  hours  from 
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7:00  a.m.  to  7:00  p.m.  to  minimize  noise  impacts  on  the  neighboring  housing  area.  On  the 
other  hand,  no  action  does  not  involve  any  construction,  so  noise  impacts  are  not  expected. 

•  Hazardous  waste  disposal -Construction  of  the  outfall  or  the  underground  injection  wells  will 
not  produce  an  exceptional  quantity  or  type  of  hazardous  wastes.  Because  all  hazardous 
wastes  generated  will  be  handled  and  disposed  according  to  current  state  and  federal 
regulations,  no  potentially  significant  impacts  will  result  from  hazardous  wastes  produced  by 
construction  activities.  No  construction  is  proposed  for  the  no-action  alternative. 

•  Seismic  hazards -The  outfall  and  underground  injection  well  design  will  comply  with  current 
seismic  standards  for  Oahu,  so  the  potential  impacts  related  to  seismic  hazards  are  not 
significant.  The  no-action  alternative  does  not  propose  the  construction  of  new  structures. 

•  Flooding/tsunami  inundation  -  Because  the  outfall  design  does  not  include  any  above-ground 
structures,  and  because  it  will  be  designed  to  withstand  storm-induced  high  water  levels  and 
waves,  no  potentially  significant  impacts  will  result  from  flooding  or  tsunami  inundation.  The 
design  of  the  underground  injection  wells  and  associated  above-ground  structures  will 
minimize  flooding  and/or  tsunami  impacts.  No  new  structures  are  proposed  as  part  of  the  no¬ 
action  alternative. 

•  Air  navigation  -  The  flight-line  air  space  of  Honolulu  International  Airport's  Reef  Runway  8R 
is  located  in  the  vicinity  of  the  proposed  action  and  underground  injection  alternative.  At  the 
location  where  construction  equipment  for  the  proposed  outfall  or  the  underground  injection 
alternative  maybe  located  under  this  flight-line  air  space,  the  bottom  of  the  flight-line  air  space 
is  at  an  elevation  of  30  meter  (m)  (100  feet  [ft]).  Any  equipment  that  extends  approximately 
30  m  (100  ft)  or  more  above  mean  sea  level  (msl)  could  interfere  with  air  traffic.  No 
obstructions  penetrating  the  flight-line  air  space  would  be  caused  by  the  proposed  action  or 
alternatives.  Any  construction  activity  near  an  airport  is  subject  to  FAA  requirements. 
Therefore,  a  Notice  of  Proposed  Construction  (permit  number  7460-1)  must  be  obtained  from 
the  FAA's  Western  Pacific  Region  prior  to  commencement  of  construction.  The  FAA  would 
distribute  a  Notice  to  Airmen  (NOT AM).  Obstructions  such  as  the  tops  of  crane  booms  must 
be  flagged  and  lighted. 

4.3.3  Potentially  Significant  Issues 

Sections  4.4  through  4.10  provide  a  detailed  analysis  of  issues  determined  in  Table  4.2-1  to  be 
potentially  significant.  For  each  issue,  the  associated  parameters  for  impact  evaluation  are 
identified.  The  impacts  are  then  evaluated  for  potential  significance  relative  to  the  existing 
environmental  conditions.  Cumulative  impacts  resulting  from  the  proposed  action  or  the 
underground  injection  or  no-action  alternatives,  in  combination  with  non-project-related  activities, 
are  also  evaluated  for  significance.  Mitigative  actions  that  would  be  employed  to  eliminate  or 
reduce  the  potential  impacts  are  identified,  and  the  significance  of  the  mitigated  impacts  is 
evaluated. 

4.4  Aquatic  Environment  and  Marine  Biota 

This  section  evaluates  construction,  operations,  and  cumulative  impacts  on  the  aquatic 
environment  resulting  from  the  proposed  action  and  the  underground  injection  and  no-action 
alternatives.  The  aquatic  environment  potentially  affected  includes  the  Class  2  Inland  Waters  of 
the  Pearl  Harbor  Estuary,  Class  A  Marine  Waters,  Class  II  Marine  Bottoms,  and  the  associated 
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aquatic  ecosystem.  The  following  discussion  provides  a  summary  of  impacts  and  measures 
required  to  mitigate  impacts  on  the  aquatic  environment. 

The  replacement  outfall  alternative  is  expected  to  have  the  following  impacts  on  the  aquatic 
environment: 

•  Construction  impacts  are  mainly  associated  with  sea-floor  trenching  and  disposal  of  excavated 
materials.  Identified  temporary  impacts  are  elevated  turbidity  surroundingthe  excavation  area 
and  minor  physical  alteration  of  the  marine  bottom.  The  outfall  alignment  has  been  carefully 
selected  to  minimize  these  impacts.  These  impacts  will  befurther  minimized  by  implementing 
BMPs  during  construction,  such  as  proper  silt  containment  and  proper  handling  and  disposal 
of  excavated  material. 

•  Operational  impacts  are  primarily  associated  with  relocation  of  the  discharge  and  associated 
ZOM  into  Open  Coastal  Waters.  Discharge  into  the  Pearl  Harbor  Estuary  will  cease.  This 
cessation  may  result  in  improved  water  quality  in  the  immediate  vicinity  of  the  existing 
diffuser.  The  creation  of  a  ZOM  in  Class  A  Open  Coastal  Waters  delineates  an  area  in  which 
water  quality  standards  may  be  exceeded.  This  is  an  unavoidable  impact;  however,  as 
discussed  in  Section  2.2.3. 1,  the  diffuser  for  the  proposed  action  was  selected  to  minimize  the 
size  of  the  ZOM.  The  increased  nutrient  levels  around  the  proposed  diffuser  may  attract  fish 
and/or  green  sea  turtles.  Better  effluent  dilution  provided  by  the  replacement  outfall  is 
expected  to  yield  a  net  improvement  to  the  aquatic  environment. 

•  Cumulative  aquatic  impacts  are  possible  within  Mamala  Bay,  which  already  receives 
discharges  from  the  Honouliuli  WWTP  (H  WWTP)  and  Sand  Island  WWTP  (SI WWTP)  outfalls. 
The  proposed  outfall,  to  be  located  in  Open  Coastal  Waters,  will  increase  nutrient  levels 
above  ambient  levels  at  near-field’  locations  in  Mamala  Bay.  (Nutrient  levels  at  sites  within 
and  adjacent  to  the  existing  ZOM  are  expected  to  decrease  as  a  result  of  the  effluent  discharge 
relocation.)  Outside  of  the  expected  ZOM  for  the  proposed  outfall,  the  cumulative  nutrient 
concentrations  will  continue  to  meetwater  quality  standards  for  Class  A  Open  Coastal  Waters 
and,  therefore,  the  cumulative  impacts  will  not  be  significant. 

The  information  required  to  determine  if  the  underground  injection  would  impact  the  aquatic 
environment  and  the  extent  of  such  an  impact  is  presently  unavailable.  Installation  of  test  wells 
and  extensive,  long-term  testing  and  analysis  would  be  required  to  evaluate  potential  impacts  on 
the  aquatic  environment,  the  overall  costs  of  which  are  prohibitive. 

It  is  possible  that  the  operation  of  the  injection  wells  may  affect  the  coastal  environment  by 
discharging  through  the  caprock  aquifer  into  the  ocean.  It  cannot  be  determined  from  existing 
information  regarding  the  specific  geologic  and  hydrologic  characteristics  of  the  proposed 
injection  area  where  and  at  what  concentration  the  injected  effluent  would  enter  the  ocean  and 
whether  environmental  degradation  would  result. 

The  permeability  of  the  calcareous  caprock  layers  in  the  area  is  extremely  variable,  ranging  from 
a  small  fraction  of  a  meter  per  day  (m/day)  (3  feet  per  day  [ft/day])  to  over  6,000  m/day 
(20,000  ft/day).  Because  caprock  aquifers  on  the  east  side  of  Pearl  Harbor  Entrance  Channel  have 
not  been  used  for  wastewater  disposal  and  rarely  used  for  irrigation  supply,  little  is  known  about 
their  hydraulic  properties  (see  Appendix  III).  In  addition,  wastewater  effluent  injection  wells  on 
Maui  have  been  suspected  of  contributing  to  high  nutrient  levels  in  coastal  water,  resulting  in  algal 


^Near  field  refers  to  the  area  within  which  initial  dilution  occurs,  where  the  plume  is  rising.  Far  field  refers  to  areas  beyond  the 
initial  dilution  zone,  where  current  transport  is  the  major  cause  of  additional  dilution. 
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blooms;  however,  studies  performed  by  DOH  to  verify  these  suspicions  have  thus  far  been 
inconclusive.^ 

The  potentially  significant  impact  of  this  alternative  upon  the  aquatic  environment  cannot  be 
determined  because  the  concentration  and  location  at  which  the  injected  effluent  would  enter  the 
ocean  is  unknown.  In  this  respect,  the  underground  injection  alternative  may  be  similar  to 
discharging  effluent  at  an  undetermined  location  without  knowing  the  dilution  that  it  would 
receive  or  the  resulting  impact  upon  the  coastal  waters.  This  potentially  significant  impact  would 
be  an  inherent  risk  of  implementing  this  alternative. 

Because  the  no-action  alternative  allows  for  the  continued  discharge  of  treated  effluent  to  Pearl 
Harbor  Estuary,  this  alternative  may  adversely  affect  the  water  quality  of  the  estuary  if  flow  to  the 
WWTP  should  increase  within  the  capacity  of  the  treatment  plant.  Even  if  the  flow  does  not 
increase,  the  ability  of  the  existing  outfall  to  comply  with  permit  conditions  that  may  become 
more  stringent  in  the  future  is  questionable. 

4.4.1  Methodology  of  Analysis 

Impacts  on  the  marine  environment  resulting  from  the  construction  and  operation  of  the  proposed 
action  and  alternatives  have  been  analyzed  in  the  following  sequence: 

•  Identify  waters  or  marine  bottoms  potentially  affected, 

•  Establish  the  existing  water  quality, 

•  Survey  and  characterize  the  benthic  environment, 

•  Use  numerical  models  to  project  future  water  quality,  and 

•  Compare  projected  impacts  with  the  significance  factors  presented  in  Section  4.4.2. 

The  specific  impacts  analyzed  by  the  above  procedures  include  those  resulting  from: 

•  Construction  effects, 

•  The  existing  ZOM, 

•  Replacement  of  the  existing  ZOM  with  the  proposed  ZOM,  and 

•  The  cumulative  effect  of  the  proposed  outfall  in  conjunction  with  the  existing  HWWTP  and 
SIWWTP  outfalls. 

4.4.1. 1  Construction  impacts  Methodology 

Aspects  of  the  marine  environment  that  were  evaluated  for  construction  impacts  were  the  benthic 
ecosystem,  marine  biota,  and  turbidity  plumes.  Impacts  on  the  benthic  ecosystem  and  marine 
biota  were  evaluated  by  comparingthe  extent  of  disturbance  from  proposed  construction  activities 
to  the  existing  conditions  in  the  marine  environment.  The  turbidity  and  related  suspended  solids 
levels  were  assessed  by  the  following  methods  (Appendix  X): 

•  Review  existing  information  on  oceanographic  and  monitoring  studies  in  the  vicinity, 
specifical  ly  on  relationships  between  suspended  solids  concentrations  and  turbidity  levels  and 
on  turbidity  levels  from  sea-floor  excavation. 

•  Perform  field  investigations  of  currents  and  water  circulation. 

•  Numerically  model  turbidity  plume  transport  and  dispersion. 


Verbal  communication  with  Manager,  Environmental  Planning  Office,  State  of  Hawaii,  Department  of  Health  (February  1999). 
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The  numerical  turbidity  plume  model  calculates  plume  dilution  and  transport  and  suspended 
solids  concentrations  within  the  plume.  These  calculations  assumed  that  the  plume  centerline 
concentrations  and  the  plume  spread  are  affected  by  mixing  and  transport  in  a  uniform  current  and 
by  particle  settling.  Use  of  this  model  was  based  on  the  assumption  that  turbidity  levels  would 
correlate  with  concentrations  of  total  suspended  solids  (TSS).  Key  model  input  parameters  are 
initial  plume  concentration,  plume  depth,  sediment  grain  size,  and  current  speed.  The  plume 
study  is  provided  in  Appendix  XI.  The  extent  and  duration  of  exposure  to  elevated  turbidity  at  any 
one  location  are  primary  considerations  of  significance. 

4.4.1. 2  Operational  Impacts  Methodology 

Pearl  Harbor  Estuary 

The  effect  of  eliminating  the  current  sewage  outfall  from  the  Pearl  Harbor  Estuary  has  been 
evaluated  using  mass  loading  and  water  quality  data  obtained  for  the  existing  ZOM. 

The  Pearl  Harbor  Estuary  receives  pollutants  from  nonpoint  sources  and  the  existing  outfall. 
Pollutant  discharges  from  nonpoint  sources  are  evaluated  by  the  amount  of  sediment  input  (or 
mass  loading).  Pollutant  quantities  discharged  from  the  existing  outfall  have  been  evaluated  using 
water  quality  data  from  samples  collected  within  the  existing  ZOM  (Figure  4.4-1).  As  indicated 
previously,  waters  within  a  ZOM  are  permitted  to  exceed  water  quality  standards. 

Class  A  Open  Coastal  Waters 

Ambient  water  quality  was  evaluated  using  data  collected  bimonthly  at  stations  centered  near  the 
proposed  outfall  diffuser  location  from  February  1995  through  February  1996.  At  each  station, 
water  was  sampled  at  the  surface,  at  mid-depth,  and  near  the  bottom  (see  Figure  4.4-1).  The 
sampling  locations  cover  the  potential  ZOM  for  the  proposed  outfall.  Data  at  these  locations 
provides  an  overview  of  existing  water  quality  at  the  proposed  outfall  site,  including  the  influence 
of  Pearl  Harbor  water  that  naturally  enters  the  ocean  through  the  entrance  channel  and  the  present 
outfall  discharge.  For  each  depth  at  each  station,  geometric  means  of  the  data  collected  during  this 
period  have  been  used. 

As  presented  in  Appendix  XI,  time-integrated  plume  modeling  was  used  to  determine  the  near¬ 
field  and  far-fieid  wastewater  effluent  plume  behavior  and  resulting  impacts.  Near-field  and  far- 
field  models  were  used  to  simulate  the  initial  dilution  of  the  effluent  and  subsequent  transport  and 
dilution  of  the  plume  within  Mamala  Bay.  Plume  modeling  provided  a  basis  for  estimating  the 
ZOM  boundaries  for  the  two  diffuser  configurations  (see  Figure  4.4-1).  The  actual  ZOM  will  be 
established  through  the  National  Pollutant  Discharge  Elimination  System  (NPDES)  permitting 
process.  The  model  was  used  to  plot  dilution  factors  for  the  two  diffuser  configurations  (see 
Appendix  XI).  These  dilution  factors,  along  with  existing  ambient  water  quality  data,  provide  an 
estimate  of  the  pollutant  concentrations  in  the  receiving  waters.  By  comparing  these  projected 
concentrations  with  applicable  water  quality  standards,  the  magnitude  and  extent  of  the  water 
quality  impact  and  the  size  of  the  ZOM  for  the  proposed  discharge  was  estimated. 

The  near-field  model  used  for  this  analysis,  called  RSB  (after  its  authors,  Roberts,  Snyder  and 
Baumgartner),  is  the  same  model  used  by  the  Mamala  Bay  Study  Commission  for  the  Mamala  Bay 
Study.^  The  near-field  plume  behavior  depends  on  the  following: 


^P.J.  Roberts  (july  15,  1995)  Mamala  Bay  Study  Plume  Modeling,  Project  MB-4. 


4-20 


642.0200/007-2  k3/1 5/01 


Final  Environmental  Impact  Statement 

Outfall  Replacement  eor  WWTP  at  Fort  Kamehameha 


Analysis  of  Impacts  and  Mitigation 
March  2001 


•  Effluent  discharge  volume, 

•  Length  and  depth  of  the  diffuser, 

•  Prevailing  currents,  and 

•  Water  column  density  stratification. 

The  model  assumes  that  jet  dynamics  and  plume  buoyancy  are  the  most  important  processes.  It 
also  assumes  a  linear  density  stratification  and  a  uniform  current  throughout  the  water  column. 
A  mid-depth  current  velocity  value,  as  measured  at  the  project  site  by  an  acoustic  doppler  current 
profiler  was  used  in  the  modeling. 

The  far-field  plume  behavior  and  movement  depend  on  the  ambient  current  since  the  plume  is 
dispersed  by  oceanic  forces.  The  far-field  model  simulated  such  a  process.  The  model  calculates 
the  deaease  in  peak  concentration  for  a  continuous  line  source  in  a  steady  current.  The  ZOM  for 
each  diffuser  configuration  was  estimated  on  the  basis  of  both  the  near-field  and  far-field  models. 

4.4.1. 3  Cumulative  impacts  Methodology 

In  addition  to  the  proposed  relocated  outfall  for  the  WWTP  at  Fort  Kamehameha,  Mamala  Bay 
receives  treated  wastewater  effi  uent  from  the  outfal  Is  of  two  major  mun  ici  pal  wastewater  treatment 
plants:  HWWTP  and  SIWWTP.  Baseline  water  quality  conditions  across  Mamala  Bay  were 
assessed  using  data  collected  during  August  and  November  of  1 996  and  January  1 997.  The  three 
periods  selected  reflect  seasonal  variations  in  Mamala  Bay  and  include  both  summer  and  winter 
seasons.  In  order  to  obtain  a  three-dimensional  matrix  of  water  quality  constituents,  five  transects 
were  established  extending  from  near  the  shoreline  to  beyond  the  depth  range  of  the  diffusers 
(Figure  4.4-2).  For  each  transect,  sampling  sites  were  established  at  locations  where  the  water 
depth  reached  approximately  5  m  (16  ft),  15  m  (50  ft),  30  m  (100  ft),  50  m  (165  ft),  and  80  m 
(260  ft).  At  each  site,  samples  were  collected  at  the  surface,  mid-depth,  and  near  bottom.  Water 
quality  constituents  measured  were  nutrients,  chlorophyll  a,  temperature,  pH,  salinity,  turbidity 
and  silica  content. 

Water  quality  impacts  were  evaluated  by  estimating  the  constituent  concentrations  after  the 
replacement  outfall  becomes  operational.  The  concentration  of  a  specific  constituent  at  a  given 
location  was  estimated  based  on  the  following: 

•  Existing  ambient  concentration  of  the  constituent, 

•  Existing  concentration  of  the  constituent  in  the  effluent  from  the  WWTP  at  Fort  Kamehameha, 
and 

•  Projected  dilution  of  the  effluent  at  that  location.'' 

The  estimated  concentration  was  then  compared  with  the  water  qual  ity  standards  for  Class  A  Open 
Coastal  Waters. 

4.4.2  Significance  Factors 

Different  sets  of  factors  are  used  for  evaluating  the  significance  of  water  quality  impacts  during 
construction  and  operation.  Unless  noted  otherwise,  these  factors  do  not  apply  to  underground 
injection  or  no  action. 


three-dimensional  model  based  on  volumetric  dilution  was  used  to  project  the  concentration  at  distant  locations. 
Combining  the  input  from  the  outfalls  discharging  to  Mamala  Bay  and  selecting  the  top  layer  (since  the  effluent  plume  is  fresh  water 
which  is  more  buoyant  than  ocean  water),  the  cumulative  concentrations  of  pollutants  at  the  points  of  overlap  between  effluent 
plumes  from  different  WWTP  outfalls  were  estimated. 
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For  outfall  construction  impacts,  the  factors  considered  in  determining  a  significant  impact  on 
water  quality  include  the  extent  or  degree  to  which  the  implementation  of  an  alternative  would: 

•  Affect  size  and  duration  of  the  turbidity  plume  at  any  one  point  resulting  from  sea-floor 
excavation, 

•  Affect  ability  to  meet  specific  turbidity  standards  for  Class  2  and  Class  A  waters,  and 

•  Affect  marine  bottom  and  biota. 

For  operation  of  the  proposed  outfall,  the  factors  considered  in  determining  a  significant  impact 
on  water  quality  include  the  extent  or  degree  to  which  the  implementation  of  an  alternative 
would; 

•  Affect  mass  emission  loading, 

•  Affect  size  of  the  estimated  ZOM, 

•  Affect  ability  to  meet  water  quality  standards  for  Class  2  and  Class  A  waters,  and 

•  Affect  marine  biota. 

Size  and  Duration  of  the  Turbidity  Plume.  Construction  of  the  proposed  outfall  will  generate 
turbidity  plumes  near  the  areas  of  sea-floor  excavation.  The  plume  is  defined  as  the  area  where 
turbidity  standards  for  the  specific  class  of  waters  is  exceeded.  The  size  and  duration  of  the 
turbidity  plume  provide  a  measure  of  the  impact  of  construction  activities  on  water  quality. 

Extent  of  Marine  Bottom  and  Biota  Affected.  The  areal  extent  of  the  bottom  habitat  and  biota 
affected  by  both  construction  and  operation  of  the  new  outfall  represents  a  measure  of  the  impact 
on  the  marine  benthic  ecosystem.  As  specified  in  Hawaii  Administrative  Rules  (HAR)  Section  11- 
54-07e(3),  "no  action  shall  be  pursued  that  would  substantially  risk,  damage,  impair,  or  alter  the 
biological  characteristics  of  reef  flats  or  reef  communities."  In  addition,  coral  reef  ecosystems  are 
protected  under  Executive  Order  13089,  Coral  Reef  Protection,  as  implemented  by  the  Chief  of 
Naval  Operations'  coral  reef  protection  policy.^ 

Mass  Emission  Loading.  Mass  emission  loading  from  outfall  operation  represents  the  mass  of 
biodegradable  organic  matter  and  suspended  solids  discharged  to  the  receiving  waters  per  unit  of 
time.  It  is  a  function  of  the  concentrations  of  biochemical  oxygen  demand  (BOD)  and  TSS  in  the 
effluent  and  the  quantity  of  effluent  discharged  per  unit  time.  BOD  is  a  measure  of  respiratory  use 
of  dissolved  oxygen,  in  milligrams  per  liter  (mg/I),  necessary  for  the  decomposition  of  organic 
matter  by  microorganisms  such  as  bacteria.  The  five-day  biochemical  oxygen  demand  (BOD5)  is 
the  standard  measure.  TSS  concentrations  represent  the  nonfilterable  solids  in  the  wastewater 
effluent.^  The  mass  emission  loadings  are  the  same  for  all  three  alternatives,  but  the  discharge 
location,  dilution,  and  degree  of  certainty  vary  among  them. 

Size  of  the  ZOM.  ZOMs  are  areas  around  outfalls  that  are  exempt  from  water  quality  standards 
to  allow  for  the  initial  dilution  of  treated  effluent.  Part  I  of  the  NPDES  permit  for  the  existing 
discharge  from  the  WWTP  at  Fort  Kamehameha  states,  "...within  this  zone  (of  mixing),  the  specific 
criteria  listed  in  Section  1 1-54-05.2(d)  of  the  State  Water  Quality  Standards  for  the  Pearl  Harbor 
estuary  may  be  exceeded."  The  ZOM  boundary  is  established  administratively  through  the  NPDES 
permitting  process  for  outfall  operation.  Only  the  proposed  action  and  no  action  require  ZOMs. 


^Department  of  the  Navy  letter  number  5090,  ser  N45D/80589139,  dated  December  4,' 1998,  from  Chief  of  Nava!  Operations 
regarding  Coral  Reef  Protection  Policy. 

^C.N.  Sawyer  and  P.L.  McCarthy  (1978)  Chemistry  of  Environmental  Engineering,  Third  Edition. 
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Water  Quality  Standards.  The  existing  NPDES  permit  for  outfall  operation  requires  waters  outside 
the  boundary  of  the  ZOM  to  meet  all  specific  criteria  for  either  Pearl  Harbor  Estuary  or  Open 
Coastal  Waters,  as  specified  in  HAR  Sections  11-54-05. 2(d)  and  1 1-54-06(b)(3)  and  listed  in 
Table  4.4-1 .  Of  the  various  parameters  listed,  nitrate  +  nitrite  nitrogen  was  determined  to  be  the 
"aitical"  parameter,  because  it  requires  the  greatest  dilution  (1 ,200:1 )  to  meet  DOH  standards  for 
open  coastal  waters.^  Thus,  wherever  nitrate  +  nitrite  nitrogen  standards  are  met,  all  other 
parameters  would  meetwater  quality  standards.  The  critical  parameter  is  selected  administratively 
as  part  of  the  ZOM  boundary  determination  during  the  NPDES  permitting  process  for  outfall 
operation. 


Table  4.4-1 

Receiving  Water  Quality  Criteria  Applicable  to  the  Proposed  Project® 


Parameter 

Geometric  mean  not 
to  exceed  the  given 
value 

Not  to  exceed  the 
given  value  more  than 
10  percent  of  the  time* 

Not  to  ^ceed  the 
given  value  more  than 

2  percent  of  the  time* 

Class  A 
(wet)** 

Pearl 

Harbor 

Estuary 

Class  A 
(wet) 

Pearl 

Harbor 

Estuary 

Class  A 
(wet) 

Pearl 

Harbor 

Estuary 

Total  Nitrogen  (/jg  N/l) 

150.00 

300.00 

250.00 

550.00 

350.00 

750.00 

Ammonia  Nitrogen 

Cug  NH,/I) 

3.50 

10.00 

8.50 

20.00 

15.00 

30.00 

Nitrate  +  Nitrite  Nitrogen 
(/UgtNOj  +  NOJ/l) 

5.00 

15.00 

14.00 

40.00 

25.00 

70.00 

Total  Phosphorus  Qjg  P/I) 

20.00 

60.00 

40.00 

130.00 

60.00 

200.00 

Chlorophyll  z{jjgl\) 

0.30 

3.50 

0.90 

10.00 

1.75 

20.00 

Turbidity  (ntu) 

0.50 

4.00 

1.25 

8.00 

2.00 

15.00 

*  These  standards  were  not  used  in  this  evaluation  because  the  data  obtained  are  not  adequate  for  such  analyses. 
**  Open  Coastal  Waters  outside  Pearl  Harbor  receive  more  than  7,060  mVday  of  fresh  water  discharge  per 
shoreline  kilometer  (3  mgd  of  fresh  water  discharge  pter  shoreline  mile);  thus  *wet'  criteria  apply. 

//g  =  microgram 

ntu  =  nephelometric  turbidity  unit 

4.4.3  Relevant  Environmental  Conditions 
4.4.3.1  Existing  Water  Quality  in  Pearl  Harbor  Estuary 

Table  4.4-2  provides  mass  emission  loadings  into  Pearl  Harbor  Estuary  from  existing  sources.  As 
stated  in  Section  3.4,  Pearl  Harbor  Estuary  is  a  Water  Quality  Limited  Segment  (WQLS)  that 
receives  runoff  from  several  freshwater  streams.  Discharges  from  these  streams  contribute  land- 
based  pollutants  to  the  estuary,  including  sediments,  nutrients,  and  other  potentially  toxic 
constituents.  Pollutants  from  these  land-based  sources  account  for  the  majority  of  sediment  and 
nutrient  loading  discharged  to  the  estuary.  The  existing  outfall  accounts  for  only  nine  percent  of 

^SSFM  Engineers,  Inc.  (October  1 996)  Oceanographic  Study  for  Outfall  Extension  for  Wastewater  Treatment  Plant  at  Fort 
Kamehameha.  Prepared  for  U.S.  Navy,  Pacific  Division,  Naval  Facilities  Engineering  Command. 

®State  of  Hawaii,  Department  of  Health  (April  2000)  Hawaii  Administrative  Rules,  Title  1 1,  Chapter  54,  Water  Qua//ty 
Standards. 


4-26 


Final  Environmental  Impact  Statement 

Outfall  Replacement  for  WWTP  at  Fort  Kamehameha 


Analysis  of  Impacts  and  Mitigation 
March  2001 


the  total  estimated  water  input  and  about  one  percent  of  the  estimated  solids  input  into  the 
estuary. 


Table  4.4-2 

Relative  Quantities  of  Liquids  and  Solids  Input  to  Pearl  Harbor  Estuary  from 

Existing  Sources®'  ” 


Input  Source 

Total  Liquid  inflow 

Suspended  Solids  and  Sediment 

m^/daiyTmgdl  .  T"' 

metric  tons/day  (tons/day) 

Existing  Outfall 

49,000* 

(13) 

2.58** 

(2.84) 

Other  Land-based  Sources 

466,000 

208.38*** 

(123) 

(229.74) 

Total 

515,000 

210.96 

(136) 

(232.69) 

*  Based  upon  existing  WWTP  design  capacity,  not  existing  flows. 

**  Data  represents  daily  maximum  TSS  allowed  by  the  existing  NPDES  permit. 

***  Data  represents  total  land-based  sediment  load  to  Pearl  Harbor  Estuary. 

The  existing  NPDES  permit  for  the  WWTP  at  Fort  Kamehameha  identifies  daily  maximum  limits, 
as  well  as  monthly  and  weekly  averages  for  BOD5  and  TSS.  Discharge  limits  for  other  parameters 
such  as  settleable  solids,  oil  and  grease,  pH,  total  residual  chlorine,  enterococci  (an  indicator  of 
fecal  pollution),  and  whole  effluent  toxicity  have  also  been  set.  Although  quarterly  sampling  and 
analysis  for  priority  pollutants  is  required,  effluent  limitations  for  these  parameters  were  not 
established.  The  bacterial  indicator  and  whole  effluent  toxicity  data  are  discussed  in  Section  4.8. 

Table  4.4-3  summarizes  the  discharge  limits  for  BOD5  and  TSS.  Based  on  long-term  monthly 
monitoringresults,  the  effluent  has  been  in  general  compliance  with  permit  limits.  Also,  long-term 
receiving  water  quality  monitoring  has  indicated  that  the  existing  discharge  does  not  violate  water 
quality  standards  or  standards  for  aiteria  pollutants. 

The  water  quality  standards  for  Class  2  Inland  Waters  were  met  at  Station  1,  which  is  located 
within  the  existing  ZOM  near  the  existing  WWTP  outfall.  Water  chemistry  analyses  revealed  that 
water  exhibited  reduced  salinity  and  elevated  levels  of  dissolved  nutrients  (including  nitrate  + 
nitrite  nitrogen  and  phosphorus),  turbidity,  and  chlorophyll,  compared  to  the  stations  located  in 
Open  Coastal  Waters  (Appendix  VI).  The  elevated  levels  can  be  attributed  to  the  seaward  flow  of 
estuarine  water  from  the  inner  lochs  of  Pearl  Harbor  and  the  wastewater  effluent  discharge. 
Concentrations  of  the  aitical  parameter,  nitrate  +  nitrite  nitrogen,  are  presented  in  Table  4.4-4. 


®State  of  Hawaii,  Department  of  Health  (February  28, 1990)  fact  Sheet  for  US.  Navy  Fort  Kamehameha  Wastewater  Treatment 
Plant  (WWTP)  Reapplications  for  NPDES  Permit  and  ZOM  to  Discharge  to  the  Waters  of  the  United  States. 

’®Belt  Collins  &  Associates  (August  1 992)  Environmental  Assessment  of  Expansion  of  the  Wastewater  Treatment  Plant  at  Fort 
Kamehameha.  Prepared  for  Department  of  the  Navy,  Public  Works  Center. 

”State  of  Hawaii,  Department  of  Health  (September  14,  ^  990)  Authorization  to  Discharge  Under  the  National  Pollutant 
Discharge  Elimination  System  (Permit  No.  HI  01 10086). 
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Table  4.4-3 

BOD5  and  TSS  Limits  of  the  Existing  NPDES  Permit  ” 


Parameter 

Monthly  Average 

Weekly  Average 

Daily  Maximum 

mg/I 

metric  tons/day 
(tons/day) 

mg/l 

metric  tons/day 
(tons/day) 

mg/l 

metric  tons/day 
(tons/day) 

BODc 

30 

■IH 

45 

1.32 

n/a 

(1.46) 

TSS 

30 

0.86 

45 

■PH 

n/a 

(0.95) 

n/a  =  not  available 


Table  4.4-4 

Nitrate  +  Nitrite  Nitrogen  Concentrations  (in  //g/l)  Near  the 
Existing  and  Proposed  Outfall  Locations* 


Station**^ 

Surface 

f{^:;:'['::;;;Mid  -v  :  , 'V' 

Deep 

G 

Mean 

DOH 

Standards*** 

1 

5.58 

8.73 

2.57 

5.00 

15 

2 

7.40 

2.59 

2.30 

3.53 

5 

3 

1.83 

0.65 

0.71 

0.78 

5 

4 

0.86 

0.52 

1.04 

0.77 

5 

5 

1.51 

0.70 

1.51 

1.17 

5 

6 

0.65 

0.50 

1.05 

0.70 

5 

7 

3.92 

1.23 

1.46 

1.91 

5 

8 

1.34 

0.61 

0.81 

0.88 

5 

9 

2.69 

0.68 

1.11 

1.27 

5 

10 

0.85 

0.66 

0.92 

0.80 

5 

*  See  Appendix  VI.  Concentrations  at  surface,  mid  and  deep  locations  represent  a  geometric  mean  of  seven  samples 
collected  from  February  1995  to  February  1996. 

**  Refer  to  Figure  4.4-1  for  monitoring  locations.  Stations  2, 3,  and  4  are  near  the  proposed  outfall.  Others  are  far-field 
stations. 

***  DOH  Standards  are  based  on  the  geometric  mean. 

4.4.3.2  Existing  Water  Quality  in  Open  Coastal  Waters 

Nine  sampling  stations,  identified  as  Stations  2  through  10,  are  located  in  Open  Coastal  Waters 
of  Mamala  Bay.  Table  4.4-4  indicates  that  nitrate  +  nitrite  nitrogen  concentrations  at  these  stations 
met  the  water  quality  standard  for  Open  Coastal  Waters  during  the  one-year  sampling  period. 
Thus,  as  indicated  in  Section  4.4.2,  all  other  parameters  would  have  also  met  water  quality 
standards. 


'^State  of  Hawaii,  Department  of  Health  (September  14,  1 990). 
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4.43.3  Existing  Marine  Biota 

The  alternative  outfall  alignments  traverse  the  benthic  zones  described  in  Section  3.5.3,  impacting 
those  zones  to  varying  degrees  depending  on  the  specific  route  and  the  method  of  construction. 
Of  the  numerous  potential  routes  and  construction  methods,  the  preferred  route  and  construction 
method  was  selected  to  minimize  potential  impacts  on  the  marine  environment.  The  following 
paragraphs  provide  a  more  detailed  description  of  marine  biota  in  the  zones  traversed  by  this 
route,  based  on  observations  made  during  surveys  conducted  in  August  and  September  1 998.  The 
purpose  of  these  surveys  was  to  obtain  information  on  the  benthic  environment  and  to  delineate 
high-density  coral  areas  in  the  vicinity  of  potential  alignments.  Figure  4.4-3  illustrates  the  areas  of 
high  coral  densities  along  the  reef  flat  and  channel  wall  with  respect  to  the  preferred  alignment 
and  construction  methodology  and  shows  the  locations  of  reference  stations  as  described  in  the 
following  paragraphs.  Refer  to  Appendix  VIII,  Assessment  of  the  Biotic  Communities  on  the 
Proposed  Alignments  for  the  Fort  Kamehameha  Sewage  Outfall  Extension,  for  a  more  detailed  list 
of  species  density  in  these  zones.  Additional  information  regarding  marine  biota  in  the  area  is 
provided  in  Appendices  VI,  VII,  and  VIII. 

Reef  Flat  (FK-1  to  FK-3) 

Shoreline  Entry  Location  of  Outfall  Pipe  to  FK-1.  Water  depth  in  this  interval  is  very  shallow, 
generally  less  than  0.5  m  (1 .5  ft).  Sand  and  rubble  are  the  dominant  substratum  type  in  this  area. 
The  visually  dominant  species  seen  is  the  introduced  algae,  Acanthophora  spicifera,  attached  to 
pieces  of  coralline  rubble.  Overall  the  algal  cover  of  Acanthophora  is  between  1 5  to  20  percent. 
All  of  the  fishes  are  species  that  are  common  in  similar  type  habitats.  None  of  the  fish  observed 
were  abundant  in  the  areas  surveyed. 

FK-1  to  FK-2.  The  area  from  station  FK-1  seaward  for  a  distance  of  70  m  (230  ft)  is  similar  to  the 
previous  interval.  At  approximately  70  m  (230  ft)  from  FK-1,  extending  seaward,  an  array  of  living 
"microatolls"  composed  primarily  of  large  single  colonies  of  the  stony  coral  Porites  compressa 
(commonly  called  finger  coral)  occur.  These  microatolls  are  so  named  because  they  develop  in 
the  similar  fashion  as  a  true  atoll.  Single  colonies  grow  in  a  circular  mode  laterally  but  are  limited 
in  upward  growth  by  the  shallow  water  depth  at  low  tide.  With  time  the  living  coral  polyps  are 
limited  to  the  lateral  vertical  perimeters  of  the  colonies  while  the  centers  of  the  colonies  are  bared 
limestone.  The  diameter  of  these  microatolls  ranges  from  approximately  1  to  5  m  (3  to  1 6  ft).  They 
become  more  common  in  a  seaward  direction  (with  inaeasing  water  depth).  These  microatolls 
are  spaced  from  5  to  20  m  (1 6  to  66  ft)  apart,  separated  by  patches  of  white  sand.  One  miaoatoll 
comprised  of  Porites  lobata  was  seen  in  this  area  as  were  the  corals  Pocillopora  damicornis  and 
Pocillopora  meandrina.  The  miCToatoll  zone  was  relatively  small  in  length  along  the  outfall 
alignment  (approximately  150  m  [490  ft]).  Within  the  miaoatoll  zone,  live  coral  cover  was 
estimated  at  1 5  to  20  percent  of  total  bottom  cover. 

The  dominant  algal  species  in  this  area  is  Acanthophora  spicifera;  other  algae  seen  include 
Dictyosphaeria  cavernosa,  Microdictyon  japonicum,  Lyngbya  majuscula,  Padina  thivyi, 
Sphacelaria  furcigera,  and  Spyridia  filamentosa. 

Invertebrates  seen  in  this  area  include  the  ghost  shrimp  {Callianassa  variabilis),  aab  (Thalamita 
edwardsi),  featherduster  worm  (Sabellastarte  sanctijosehpi),  mantis  shrimp  (Gonodactylus 
falcatus),  brittlestar  (Ophiocoma  sp.),  and  sea  cucumber  (Holothuria  atra).  In  the  sand  are 
numerous  small  holes  ranging  from  about  3  to  8  millimeters  (0.01  to  0.31  inches)  in  diameter 
probably  made  by  a  number  of  ayptic  burrowing  polychaetes  and  austaceans.  These  holes  are 
spaced  from  10  to  30  centimeters  (cm)  (4  to  12  inches)  apart  and  are  most  evident  where  the 
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substratum  isfine-grained  sand.  Most  fishes  seen  inthisareawerejuveniles,  including  T/ia/assoma 
duperrey,  Stethojulis  balteata,  small  parrotfish  or  uhu  (Scarus  sordidus  and  Scarus  psittacus), 
convict  surgeonfish  or  manini  (Acanthurus  triostegus),  and  ringtail  surgeonfish  or  pualo 
(Acanthurus  b/och/7).  None  of  the  fish  species  observed  was  abundant. 

Seaward,  the  area  of  sand  with  microatolls  is  replaced  by  a  mix  of  coralline  rubble,  sand,  and 
emergent  hard  substratum.  The  hard  substratum  appears  to  be  the  remnants  of  large  coral  colonies 
that  have  died  and  are  in  a  state  of  decay.  These  dead  coral  patches  range  in  size  from  1  to  3  m 
(3  to  1 0  ft)  in  diameter  and  are  spaced  from  1  to  8  m  (3  to  25  ft)  apart  with  sand  and  rubble  in  the 
intervening  area.  Much  of  the  dead  coral  is  overgrown  by  thick  mats  of  Dictyosphaeria  cavernosa 
(commonly  called  bubble  algae);  also  present  are  the  algae  Lyngbya  majuscula  and  Acanthophora 
spicifera. 

Invertebrate  species  encountered  here  include  the  shrimp  (Saron  marmoratus),  Holothuria  atra, 
unidentified  xanthid  crabs  (family  Xanthidae),  Thalamita  edwardsi,  ConodactyJus  falcatus, 
Ophiocoma  sp.,  and  Callianassa  variabilis.  The  same  juvenile  fish  species  were  seen  as  previously 
mentioned.  Occasionally,  corals  grow  on  elevated  parts  of  the  hard  substratum;  species  seen 
include  Porites  compressa,  P.  lobata,  Pocillopora  meandrina,  and  P.  damicornis.  All  corals 
occurring  in  this  area  are  small  in  size  (less  than  20  cm  [8  inches])  and  uncommon.  Total  coral 
cover  is  less  than  1  percent  of  bottom  cover. 

FK-2  to  FK-3.  Seaward  of  FK-2,  the  substratum  continues  as  described  above  (i.e.,  hard  substratum 
in  the  form  of  coral  colony  remnants  with  sand  in  the  intervening  areas).  With  distance  seaward 
the  sandy  areas  become  larger  and  the  dead  coral  heads  less  abundant. 

Approximately  1 50  m  (500  ft)  seaward  of  FK-2,  the  algal-covered  hard  substratum  changes  to  a  mix 
of  sand-covered  hard  (limestone)  bottom  and  coralline  rubble.  On  this  substratum  are  scattered 
small  coral  colonies  with  total  coverage  of  1  to  2  percent.  Species  of  coral  include  Pocillopora 
meandrina,  P.  damicornis,  Porites  compressa,  and  Porites  lobata.  Also  present  (in  very  small 
amounts)  is  the  soft  coral,  Palythoa  tuberculosa.  Other  exposed  invertebrates  present  on  the  reef 
flat  are  the  long  spined  urchin  or  wana  (Echinothrix  diadema),  banded  urchin  {Echinothrix 
calamaris),  green  urchin  {Echinometra  mathaei),  black  urchins  {Tripneustes  gratilla  and 
Echinometra  oblongata),  sea  cucumber  (Holothuria  atra),  and  polychaete  (Loimia  medusa).  The 
dominant  algal  species  present  is  Acanthophora  spicifera.  This  sand-rubble  biotope  with 
occasional  small  corals  extends  seaward  to  the  area  of  the  proposed  jacking  pit  (FK-3). 

Area  of  Proposed  Microtunnel  Intermediate  Jacking/Receiving  Pit  (FK-3).  Substratum  at  FK-3  is 
comprised  of  sand  and  rubble  with  patches  of  highly  eroded  limestone  that  appear  to  be  the 
remnants  of  old  coral  colonies.  These  old  coral  colonies,  while  devoid  of  living  coral,  serve  as 
habitat  to  a  number  of  common  reef  species.  Algae  seen  on  the  hard  bottom  (Acanthoptera 
spicifera,  Microdictyon  japonicum,  and  Padina  japonicum)  have  a  mean  coverage  of  about 
2  percent. 

Station  FK-3  is  in  the  vicinity  of  the  proposed  jacking/receiving  pit  for  the  microtunneled  portion 
of  the  outfall  discharge  pipe.  Since  there  will  be  some  removal  of  material  and  disturbance  to  the 
marine  communities  in  the  area,  three  30  m  (100  ft)-long  transects  were  established  to 
quantitatively  ascertain  the  marine  communities  present  in  the  area.  These  transects  had  an 
orientation  parallel  to  the  entrance  channel.  The  first  transect  (A)  was  established  1 5  m  (50  ft)  east 
of  buoy  FK-3  with  water  depths  ranging  from  1  to  1 .4  m  (3  to  5  ft),  the  second  (B)  about  15m 
(50  ft)  west  towards  the  entrance  channel  having  water  depths  ranging  from  1 .2  to  2  m  (4  to  7  ft), 
and  the  third  transect  (C)  about  8  m  (26  ft)  west  of  the  second  transect  (B)  along  the  3  to  4.5  m 
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(10  to  15  ft)  isobath  of  the  entrance  channel  edge.  The  observations  along  these  transects  are 
summarized  below,  either  given  as  percent  cover  or  counts  of  individuals  for  the  entire  transect 
line.  A  more  detailed  list  of  the  species  occurring  in  these  transects  is  found  in  Appendix  VIII. 

•  Transect  A  (Water  Depth  1  to  1 .4  m  f3  to  5  ftl).  Algae  constituted  approximately  1  percent  of 
bottom  cover  with  corals  constituting  approximately  2  percent.  Five  other  species  of 
invertebrates  were  observed  in  this  transect,  along  with  three  species  of  fish  comprised  of 
26  individuals. 

•  Transect  B  (Water  Depth  1 .2  to  2  m  (4  to  7  ftl).  In  this  transect,  algae  is  less  than  0.5  percent 
while  coral  constitutes  2.5  percent  of  the  bottom.  Seven  species  of  other  invertebrates  were 
observed.  Eight  species  of  fish  were  observed,  comprised  of  37  individuals. 

•  Transect  C  (Water  Depth  3  to  4.5  m  IIP  to  1 5  ftl).  In  this  third  and  deepest  transect,  located 
approximately  halfway  down  the  channel  cut  slope,  algae  were  absent.  Corals  comprised 
about  4.5  percent  of  the  bottom.  Five  species  of  other  invertebrates  and  1 1  species  of  fish  were 
observed.  The  fish  included  51  individuals. 

Transect  C  is  situated  in  an  area  where  pieces  of  limestone  ranging  in  size  from  1  mxl  mto2mx 

3  m  (3  ft  X  3  ft  to  7  ft  X  10  ft)  are  scattered  over  the  sloping  sand/rubble  substratum.  These 
limestone  blocks  serve  as  habitat  for  many  of  the  fishes  and  invertebrates  noted  above. 

Pearl  Harbor  Entrance  Channel  (FK-4  to  FK-7) 

General  Considerations.  The  Pearl  Harbor  Entrance  Channel  has  been  dredged  through  old 
limestone  reef.  This  limestone  is  a  relatively  continuous  feature  along  the  eastern  side  of  the 
entrance  channel  to  depths  of  about  20  m  (65  ft).  The  dredging  process  left  large  individual  blocks 
of  limestone  broken  free  of  the  limestone  wall.  These  blocks  are  presently  situated  on  the  sand- 
talus  slope  that  occurs  between  the  vertical  limestone  wall  and  the  sand-covered  channel  floor. 
The  steep  limestone  "wall"  varies  in  height  from  just  1 .5  m  (5  ft)  to  well  over  5  m  (1 6  ft)  along  the 
eastern  channel  edge. 

The  proposed  outfall  pipe  would  transition  from  the  miaotunnel  into  a  trench  along  the  channel 
edge  that  begins  approximately  at  location  FK-4.  From  this  point  seaward,  the  proposed  pipe 
would  be  constructed  in  a  trench  and  back-filled,  following  the  eastern  side  of  the  entrance 
channel  seaward. 

In  order  to  evaluate  the  potential  impacts  of  the  proposed  alignment,  surveys  were  conducted  at 
four  points  along  the  channel  wall  (FK-4,  5, 6,  7).  At  all  four  sites,  large  pieces  of  limestone  lie  free 
of  the  wall  on  the  talus  slope.  These  limestone  blocks  range  in  size  from  about  1  m  x  1  m  up  to 

4  X  5  m  (3  ft  X  3  ft  up  to  1 3  ft  X  1 6  ft).  With  distance  seaward,  the  deep  boundary  of  the  limestone 
blocks  inaeases:  1 1  m  (36  ft)  at  FK-4, 12  m  (40  ft)  at  FK-5,  and  13  m  (45  ft)  at  FK-6  and  FK-7.  The 
channel  wall  and  limestone  blocks  provide  habitat  for  fishes  and  invertebrates  and,  in  some 
locations,  provide  resting  sites  for  green  sea  turtles  {Chelonia  mydas).  This  area  comprises  a 
distinctive  zone  or  biotope  (the  biotope  of  limestone  blocks).  In  general,  the  development  of 
marine  communities  is  greater  in  the  limestone  block  habitat  at  more  seaward  localities  than  at 
more  shoreward  sites.  Below  the  depth  of  the  blocks  (i.e.,  down  the  channel  slope)  is  a  second 
distinctive  biotope,  the  sand-talus  slope  biotope.  The  biota  of  each  of  these  biotopes  is  described 
below. 
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The  Limestone  Block  Biotope.  The  limestone  block  biotope  is  generally  quite  narrow  and  parallels 
the  Pearl  Harbor  Entrance  Channel.  The  width  of  this  biotope  ranges  from  about  5  to  35  m  (15 
to  1 1 5  ft);  on  the  average,  the  width  is  about  1 5  m  (50  ft).  The  relatively  large  amount  of  shelter 
afforded  by  these  blocks  has  resulted  in  the  development  of  a  diverse  fish  community.  In  general, 
the  algae  are  not  well-represented  in  the  limestone  block  biotope.  This  may  be  related  to  the 
number  of  grazing  fish  and  invertebrates  present.  Algal  species  seen  include  Acanthopthora 
spicifera,  Porolithon  onkodes,  Sporolitbon  erythraeum,  and  Hydrolithon  reinboldii.  Estimated 
coverage  by  these  macrothalloid  algae  does  not  exceed  1 .5  percent.  Corals  are  abundant  on  the 
limestone  blocks.  Species  of  corals  seen  include  Porites  lobata,  P.  compressa,  Pocillopora 
meandrina,  Pavona  varians,  P.  duerdeni,  Montipora  verrucosa,  M.  patula,  M.  verrilli,  Psammocora 
stellata,  Fungia  scutaria,  and  Leptastrea  purpurea.  Over  an  area  of  20  square  meters  (m^) 
(215  square  feet  [ft^)]),  the  measured  coverage  of  living  coral  was  26  percent  at  FK-4,  22  percent 
at  FK-5,  19  percent  at  FK-6,  and  22  percent  at  FK-7.  Sponges  seen  include  the  red  sponge 
(Spirastrella  coccinea),  grey  sponge  {Plakortis  simplex),  and  the  black  sponge  {Chondrosia 
chucalla),  but  coverage  by  these  species  is  less  than  one  percent.  Fishes  are  very  common  in  the 
limestone  block  biotope.  Rough  estimates  of  biomass  suggest  that  standing  crops  may  locally  be 
as  high  as  300  grams  per  square  meter  (g/m^)  (0.06  pounds  per  square  foot  [Ib/tf]);  standing  aops 
in  most  natural  reef  areas  do  not  usually  exceed  200  to  250  g/m^  (0.04  to  0.05  Ib/ft^).  Species  of 
fish  and  macroinvertebrates  observed  in  this  biotope  are  listed  in  Appendix  VIII. 

Green  sea  turtles  are  commonly  encountered  at  several  sites  along  the  entrance  channel  where 
the  limestone  blocks  are  more  concentrated,  creatingadequate  resting  habitat.  At  one  approximate 
1 0  m  X  30  m  (35  ft  x  1 00  ft)  area  close  to  station  FK-6,  six  turtles  ranging  from  an  estimated  45  to 
80  cm  (18  to  32  inches)  in  straight-line  carapace  length  were  seen  in  August  1998. 

The  Sand-Talus  Slope  Biotope.  As  noted  above,  a  sand-talus  slopes  is  sandwiched  between  the 
region  of  limestone  blocks  and  the  sand  floor  of  the  entrance  channel.  Like  the  limestone  blocks, 
the  sand-talus  slope  biotope  is  narrow  and  occurs  along  the  eastern  side  through  most  of  the  outer 
channel  (from  FK-4  seaward).  The  width  of  this  biotope  varies  from  about  10  to  30  m  (35  to 
100  ft),  and  for  much  of  it  the  substratum  slopes  towards  the  channel  floor  at  a  3-  to  10-degree 
slope.  The  major  colonizer  of  the  area  is  the  seagrass,  Halophila  ovalis,  present  in  patches 
covering  from  about  8  to  30  m^  (90  to  325  fP)  on  the  sand  at  depths  from  about  7  to  1 2  m  (25  to 
40  ft). 

The  biota  of  the  sand-talus  slope  biotope  is  not  well  developed,  with  few  diurnally  exposed 
invertebrates  or  fishes  present.  The  only  invertebrate  species  seen  include  the  auger  shells  (Terebra 
inconstans  and  T.  penicillata),  box  crab  (Calappa  calappa),  and  a  brown  sea  cucumber 
(Bohadschia  tenuissima)  in  the  sand.  On  the  rubble  and  hard  substratum  are  sponges  Microciona 
maunaloa,  Spirostrella  coccinea,  and  Chondrosia  chucalla;  coverage  by  these  species  is  low. 
Fishes  are  more  common  around  the  small  amount  of  hard  substratum  present  in  this  biotope. 
Because  the  biotope  of  limestone  blocks  is  in  very  close  proximity  to  the  sand-talus  slope  biotope 
and  many  fishes  inhabit  that  area,  one  often  encounters  individual  fishes  wandering  out  over  the 
sand  and  rubble  foraging  for  food.  A  more  detailed  list  of  fish  species  represented  in  this  biotope 
is  found  in  Appendix  Vlll. 

Sand  Rubble  Zone  (FK-8) 

At  the  seaward  terminus  of  the  Pearl  Harbor  Entrance  Channel,  the  bottom  becomes  a  flat,  gently 
sloping  plain  between  the  depths  of  20  m  (67  ft)  and  23  m  (77  ft).  Bottom  composition  in  this 
region,  labeled  FK-8,  consists  primarily  of  sand  covered  with  limestone  rubble  fragments. 
Interspersed  on  the  sand-rubble  plain  are  small  "patch  reefs."  The  patch  reefs  are  spaced 
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approximately  25  m  (85  ft)  apart  and  range  in  size  from  1  to  3  m  (3  to  10  ft)  in  diameter.  Within 
each  patch  reef,  living  coral  cover  comprises  20  to  30  percent,  with  the  remainder  of  the  reef 
consisting  of  the  limestone  skeletal  remains  of  coral  colonies.  These  structures  are  not  true  "reefs" 
in  that  there  is  not  an  upward  accreting  solid  limestone  platform.  Rather,  these  areas  consist  of 
denser  aggregations  of  limestone  rubble  with  a  component  of  living  corals.  The  dominant  corals 
on  these  patch  reefs  are  Porites  compressa,  Porites  lobata,  Pocillopora  meandrina,  and  Montipora 
verrucosa.  Growth  formsof  mostof  the  corals  on  these  parch  reefs  consist  of  flat  enaustations  and 
massive  lobed  colonies.  Thus,  while  the  patch  reefs  have  a  substantially  higher  vertical  relief  than 
the  sand  plain,  there  is  not  marked  vertical  relief  of  greater  than  approximately  25  to  50  cm  (1 0  to 
20  inches).  Integrated  over  the  entire  sand/rubble  plain,  the  patch  reefs  may  comprise 
approximately  five  to  1 0  percent  of  bottom  cover,  whi  le  living  coral  cover  is  estimated  at  less  than 
two  to  five  percent  of  bottom  cover. 

These  reefs  provide  habitat  for  a  variety  of  reef  fish,  particularly  butterflyfish  (Chaetodontidae), 
goatfish  (Mullidae),  wrasses  (Labridae),  damselfish  (Pomacentridae),  surgeonfish  (Acanthuridae), 
and  triggerfish  (Balistidae).  Most  of  the  fish  observed  in  the  survey  were  juveniles  or  small  adults. 
Other  dominant  biota  observed  are  the  sea  urchins  Heterocentrotus  mammilatus,  Echinometra 
mathei,  Echinothrix  diadema,  and  Tripneustes  gratilla.  These  urchins  were  common  on  both  the 
sand-rubble  bottom  and  on  the  limestone  surfaces  of  the  patch  reefs.  Fish  communities  observed 
in  the  area  were  similar  in  composition  to  the  limestone  block  biotope  described  above. 

The  composition  of  the  FK-8  area  is  typical  of  the  depth  range  along  the  majority  of  the  southern 
coastline  of  Oahu  (Mamala  Bay),  as  observed  during  other  studies  by  the  authors.  Hence,  it  does 
not  appear  that  the  region  of  the  proposed  outfall  alignment  represents  any  unusual  or  unique 
habitats. 

Deep  Offshore  Biotope  (Sand  Zone) 

Beyond  a  depth  of  23  m  (77  ft)  along  the  outfall  alignment  to  a  depth  of  26  to  38  m  (87  to  127  ft), 
bottom  substratum  consists  of  a  plain  of  grey  calcareous  sand,  as  discussed  above.  Interspersed 
on  the  sand  are  blocks  of  limestone  rubble.  Surveys  of  the  alignment  revealed  no  coral  cover  in 
this  area.  Fish  communities  were  also  limited  to  lone  individuals,  presumably  as  a  result  of  the 
lack  of  shelter  in  the  area. 

At  the  most  seaward  areas  of  the  survey  at  approximately  36  m  (120  ft),  bottom  composition 
consists  almost  entirely  of  gray  sand.  In  many  areas  the  sand  exhibited  ripple  marks  indicating 
resuspension  and  movements  by  currents.  In  other  areas  the  sand  surface  was  flat  and  covered 
with  a  greenish  film,  most  likely  consisting  of  benthic  diatoms.  Existence  of  benthic  films  suggests 
little  movement  of  sediment  by  wave  and  current  forces. 

Summary  of  Marine  Biota 

Marine  biota  along  the  proposed  outfall  alignment  are  characterized  by  limited  biodiversity  and 
low  abundance.  Marine  biota  found  in  the  vicinities  of  the  shallow  reef  flat,  the  existing  diffuser 
pipe,  the  entrance  channel,  and  the  offshore  patch  reefs,  include  the  fol  lowing  (see  Appendices  VI, 
VII,  and  VIII): 

•  Sea  cucumber  (Ophidesoma  spectabilis). 

•  Benthic  algae,  such  as  Acanthophora  specifera,  Padina  spp.,  Caulerpa  spp.,  Enteromorpha  sp. 

•  Threatened  green  sea  turtles. 

•  Reef  corals  such  as  Porites  Compressa  and  Pocillopora  damicornis. 
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•  juvenile  and  small  adult  reef  fish  such  as  butterflyfish,  goatfish,  wrasses,  damselfish, 
surgeonfish,  and  triggerfish. 

•  A  variety  of  sessile  invertebrates,  primarily  sponges,  alcyonarians,  polychaete  and  sipunculid 
worms,  and  bivalve  mollusks. 

Other  species,  such  as  the  Hawaiian  monk  seal  {Monachus  schaurinslandi)  and  humpback  whale 
{Megaptera  novaeangliae),  are  rarely  found  in  the  project  area.  Potential  impacts  of  the  proposed 
action,  and  the  underground  injection  and  no-action  alternatives  upon  threatened  and  endangered 
species  and  coral  are  discussed  in  Section  4.6. 

4.4.3  A  Existing  Wastewater  Discharges  in  Mamala  Bay 

The  discharges  of  treated  wastewater  effluent  into  Mamala  Bay  from  the  existing  SIWWTP, 
H  WWTP,  and  the  proposed  WWTP  at  Fort  Kamehameha  outfalls  were  examined.  Water  chemistry 
data  collected  during  1996  indicated  that  effects  of  the  SIWWTP  and  HWWTP  outfalls  were  not 
apparent  in  the  far-field  (Appendix  XII).  Rainfall  and  subsequent  discharge  of  runoff  flowing  out 
of  the  Pearl  Harbor  Entrance  Channel  appear  to  be  the  most  important  factors  affecting  ambient 
water  quality  in  the  offshore  region. 

Table  4.4-5  provides  average  nutrient  levels  of  the  effluent  discharged  from  each  of  the  WWTPs. 
Although  nitrate  +  nitrite  nitrogen  is  the  critical  parameter  for  estimating  ZOM  boundaries,  its 
concentration  in  the  effluent  from  SIWWTP  and  HWWTP  is  very  low.  Because  these  two  facilities 
provide  only  primary  treatment,  the  nitrogen  in  these  effluents  is  predominately  in  the  form  of 
ammonia  nitrogen.  Since  the  WWTP  at  Fort  Kamehameha  treats  the  wastewater  to  an  advanced 
secondary  level,  most  of  the  ammonia  nitrogen  in  the  wastewater  is  oxidized  to  the  nitrate  + 
nitrite  form  of  nitrogen. 


Table  4.4-5 

Nutrient  Levels  (in  //g/l)  and  Flow  Rate  of  Wastewater  Effluent 
from  Three  Treatment  Plants’^ 


Ammonia  Nitrogen 

Nitrate  +  Nitrite  Nitrogen 

Total  Nitrogen 

Total  Phosphorus 

Flow  Rate  in  mVday 
(mgd) 


SIWWTP 


HWWTP 


14,300 


80 


19,000 


2,750 


272,000 

(72) 


18,500 


55 


24,100 


3,700 


91,000 

(24) 


WWTP  at  Fort 
Kamehameha* 


1,600 

5,000 

8,200 

1,400 

49,000 

(13) 


*  Based  on  existing  WWTP  design  flow. 

Note:  The  flow  rates  indicated  above  represent  the  flow  rates  available  at  the  time  the  modeling  study  was 

performed  and  differ  from  the  flow  rates  currently  on  record. 


Stevenson  and  J.  O'Connor  (1996)  "Pollutant  Source  Identification"  in  Mamala  Bay  Study,  Final  Report,  Mamala  Bay 
Study  Commission;  unpublished  data  provided  by  U.S.  Navy. 
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4.4.3.5  Existing  Ordnance 

Bassd  on  historical  information  presented  in  Section  3.13,  there  is  a  potential  to  encounter 
ordnance  along  the  proposed  alignment.  In  October  1998,  two  objects  suspected  of  being 
ordnance  items  were  observed  during  a  marine  benthic  survey.  In  March  and  April  1 999,  during 
a  survey  of  the  outfall  alignment  for  ordnance  items,  one  projectile  was  observed  in  the  channel 
adjacent  to  the  reef  flat  where  water  depths  range  from  7.6  to  17.1  m  (26  to  56  ft)  and  five 
projectiles  were  observed  at  the  diffuser  end  of  the  outfall.  Although  Navy  Explosive  Ordnance 
Disposal  (EOD)  personnel  determined  that  all  of  the  projectiles  were  safe  to  move  and 
subsequently  removed  them  from  the  site,  there  is  potential  for  additional  ordnance  items  to  be 
encountered  during  the  construction  of  the  outfall.  In  the  unlikely  event  that  one  or  more  ordnance 
items  are  detected  within  the  established  construction  corridor  that  cannot  be  picked  up  and 
carried  away  (see  Section  2.2.4.6),  the  Navy  has  decided  that  an  engineering  solution,  involving 
minor  outfall  realignment  to  avoid  disturbance  of  ordnance  items,  will  be  implemented.  This 
engineering  solution  will  not  create  additional  impacts  to  the  environment.  Thus,  the  need  for  in- 
place  detonation  of  ordnance  is  not  anticipated  and  formal  Section  7  consultation  is  not  necessary. 
If  it  becomes  apparent  during  project  execution  that  in-place  detonation  of  ordnance  cannot  be 
avoided,  the  Navy  will  reinitiate  formal  Section  7  consultation  with  National  Marine  Fisheries 
Service  (NMFS)  prior  to  continuing  construction. 

4.4.4  Construction  Impacts  and  Mitigation 

4.4.4.1  Replacement  Outfall  (Proposed  Action) 

Construction  impacts  on  the  marine  environment  are  anticipated  to  be  of  two  types.  Construction 
activities  such  as  trenching  and  hauling  materials  will  directly  impact  the  bottom  and  the  sessile 
organisms  dwelling  within  the  construction  corridor.  Turbidity  from  unconfined  construction 
activities  will  be  generated  and  transported  by  currents  through  the  water  column.  These  two 
effects  are  analyzed  below. 

Direct  Impacts  of  Proposed  Construction  Activities  on  Marine  Biota 

The  marine  environment  is  comprised  of  many  elements,  the  major  components  of  which  are 
enumerated  in  Section  4.4.3.  Potential  construction  impacts  on  the  threatened  green  sea  turtle  are 
identified  in  Section  4.6. 3.1.  Potential  construction  impacts  on  living  coral  in  the  project  area  can 
best  be  minimized  by  avoiding  locations  which  support  coral  growth.  Although  corals  in  the 
projert  area  are  generally  sparse  and  poorly  developed  (less  than  1  percent  coverage  for  the 
majority  of  the  route),  areas  of  more  substantial  coral  development  occur  at  various  locations  (see 
Figure  4.4-3).  The  preferred  alignment  and  construction  methodologies  have  been  selected  to 
avoid  open  trenching  in  areas  where  coral  coverage  exceeds  5  percent.  Composite  coral  coverage 
impacted  by  the  construction  corridor  is  less  than  0.2  percent,  or  less  than  one  fifth  of  1  percent 
of  the  coral  on  the  reef  flat. 

The  preferred  alignment  was  relocated  about  100  m  (325  ft)  north  of  the  proposed  final  alignment 
in  order  to  avoid  the  area  of  miaoatolls  in  the  vicinity  of  points  FK-1  and  FK-2  desaibed  in 
Section  4.4.3. 3.  In  making  this  adjustment,  the  open  trenched  route  encounters  virtually  no  coral 
between  the  shoreline  and  the  proposed  miaotunneling  end  pit.  The  miaotunneled  segments  are 
designed  to  be  3.7  m  (1 2  ft)  or  more  beneath  the  bottom.  These  segments  do  not  affect  the  benthic 
environment,  except  where  the  jacking  and  end  pits  are  constructed.  Only  two  miaotunneling 
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legs  are  proposed,  and  the  receiving  pits  will  be  in  the  bottomsoftheadjoining  trenched  sections 
of  the  alignment. 

The  intermediate  pit,  located  approximately  200  m  (656ft)  south  of  station  FK-3,  and  its  associated 
construction  barge  access  channel  will  impact  a  bottom  area  of  about  1 30  m  (426  ft)  long  by  20  m 
(66  ft)  wide.  Coral  coverage  in  this  area  is  approximately  2  percent,  with  cover  up  to  4.5  percent 
at  the  outermost  extent  on  the  channel  wall.  Without  mitigation,  coral  loss  of  about  65  m^ 
(700  ft^)  could  be  anticipated.  Seaward  from  the  intermediate  jacking/receiving  pit,  the 
miaotunneled  route  extends  beneath  the  wall  of  the  entrance  channel  and  emerges  into  an  open 
trench  in  the  side  of  the  entrance  channel. 

The  preferred  trenchingalignmentin  the  entrance  channel  has  been  located  in  the  sand-talus  slope 
zone  to  avoid  impacting  corals  on  the  channel  sides  and  remain  outside  the  navigational  channel. 
Along  this  route,  the  trench  segment  extends  approximately  812  m  (2,665  ft)  to  the  seaward  end 
of  the  dredged  channel  and  effectively  impacts  no  coral.  Seaward  of  the  channel  dredging  limits, 
in  waters  ranging  from  1 7  m  (55  ft)  to  about  23  m  (75  ft)  in  depth,  an  area  of  small  patch  reefs 
occurs  on  the  sand  rubble  bottom.  Aggregate  densities  of  coral  in  this  area  range  between  2  to 
5  percent  of  the  bottom.  This  patch  reef  zone  extends  along  the  bottom  approximately  100  m 
(330  ft).  Trenching  through  this  section  would  be  expected  to  impact  approximately  65  to  1 62  m^ 
(700  to  1,750  ft^)  of  coral.  Impacts  to  living  coral  along  the  proposed  alignment  were  discussed 
with  the  NMFS.  A  NMFS  representative  inspected  the  proposed  alignment  and  concurred  with  the 
determination  that  corals  will  not  be  significantly  impacted  by  the  proposed  action. 

In  summary,  impacts  to  coral  have  been  minimized  by  careful  selection  of  the  outfall  alignment 
and  construction  methodology. 

Turbidity  from  Construction  Activity 

Construction  of  the  new  outfall  will  temporarily  increase  turbidity  and  suspended  solids  levels  in 
the  area  surrounding  active  construction  sites.  Increased  turbidity  can  be  harmful  to  aquatic 
organisms  by  reducing  the  penetration  of  light  needed  by  aquatic  plants  and  by  interfering  with 
vision,  feeding,  and  respiration  of  aquatic  animals. 

The  extent  of  turbidity  plumes  predicted  to  result  from  construction  activities  at  representative 
points  without  any  mitigative  measures  are  shown  on  Figure  4.4-4.  Turbidity  levels  would  exceed 
DOH  standards  within  these  plumes  for  the  time  that  trenching  and  backfilling  are  occurring  at 
the  indicated  location. 

The  extent  of  the  turbidity  plume  on  the  reef  flat  and  in  the  sandy  zone  would  be  small.  The  model 
predicted  a  larger  turbidity  plume  from  construction  activities  in  the  sand  rubble  zone  and  the 
entrance  channel.  For  example,  in  the  sand  rubble  zone,  the  plume  could  extend  approximately 
1,100  m  (3,600  ft)  to  the  west  and  600  m  (2,000  ft)  to  the  east  of  the  submarine  excavation  site 
(see  Appendix  X).  The  location  of  the  turbidity  plume  would  move  as  construction  progresses.  The 
total  estimated  duration  of  impacts  would  be  approximately  nine  months  on  the  reef  flat,  eight 
months  in  the  entrance  channel,  five  months  in  the  sand  rubble  zone,  and  three  months  in  the 
sand  zone.  The  duration  of  turbidity  generation  at  any  specific  location  would  be  substantially 
shorter  as  the  point  of  construction  progresses  along  the  alignment.  The  plume  size  on  the  reef  flat 
would  be  minimized  by  the  use  of  silt  curtains.  However,  silt  curtains  would  not  be  effective  in 
deeper  waters. 


^Verbal  communication  with  NMFS  personnel  (October  15,  1998). 
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Turbidity  plume  generation  would  be  intermittent  during  the  construction  period.  Once 
construction  activities  cease,  dispersion  and  settling  would  quickly  reduce  the  suspended  solids 
concentrated  in  the  water  column.  The  time  required  for  turbidity  to  deaease  to  the  DOH 
standard  is  estimated  to  be  from  one  to  seven  hours  (Table  4.4-6). 

Table  4.4-6 

Estimated  Post-construction  Time  Required  for  Turbidity  Levels  to  Meet  DOH  Standards* 


Bottom  Type 

DOH  Turbidity 
Standard  (ntu) 

Time  after  Construction  Disturbance  for  Turbidity  to 
Meet  DOH  Standard  (hours) 

Reef  Flat 

4.0**  or  0.5*** 

1.5 

Entrance  Channel 

0.5 

7.0 

Rock  Zone 

0.5 

3.0 

Sandy  Area 

0.5 

1.0 

*  See  Appendix  X 

**  Class  2  Inland  Water 

***  Class  A  Open  Coastal  Waters 

ntu  =  nephelometric  turbidity  units 


Turbidity  caused  by  construction  in  shallower  waters,  which  tend  to  be  relatively  calm,  will  be 
contained  by  silt  curtains  in  order  to  minimize  transport  of  suspended  sediment  out  of  the 
construction  area.  Construction  of  the  replacement  outfall  in  deeper  waters  will  take  place  in 
intervals  of  approximately  100  m  (328  ft),  which  will  reduce  the  total  plume  size  and  duration  of 
time  that  any  location  within  the  affected  area  is  exposed  to  elevated  turbidity  levels. 


BMPs  to  reduce  construction-related  pollution  impacts,  such  as  hydraulic  fluid  or  lubricant  leaks 
or  spills,  on  marine  biota  include  the  following: 


•  Equipment  will  be  inspected  daily  for  conditions  that  could  cause  spills  and/or  leaks  and 
identified  problems  will  be  corrected  before  the  equipment  is  used. 

•  Equipment  will  be  cleaned  to  remove  accumulated  dirt,  oil,  and  other  materials  before 
entering  the  nearshore  area. 

•  No  refueling,  cleaning,  or  non-emergency  maintenance  of  land-based  equipment  will  occur 
in  or  near  the  water  or  on  the  shoreline. 

•  No  chemical  or  petroleum  product  raw  materials  or  wastes  will  be  stored  near  the  water. 

•  Silt  curtains  will  be  deployed  around  the  work  area  in  shallow  and  protected  waters  while 
construction  activities  are  occurring  and  will  be  inspected  and  maintained  at  the  beginning  of 
each  day. 

•  Spill  response  equipment  will  be  kept  on-site  and  will  include  at  a  minimum,  booms  to 
contain  floating  fuel  or  lubricants,  absorbent  pads,  and  containers  for  contaminated  materials. 

•  In  the  event  of  a  spill  or  leak  in  the  water,  the  flotation  cushion  for  the  silt  curtain  will  serve 
as  a  boom  and  provide  secondary  containment  for  the  spill.  Spill  response  equipment  will 
form  the  primary  containment. 

•  Construction  activities  will  not  proceed  in  an  area  if  appropriate  BMPs  are  not  in  place. 


The  weather  will  be  monitored  and  the  worksite  and  equipment  secured  if  a  storm  is  anticipated. 
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4.4.4.2  Underground  Injection 

Because  the  construction  of  underground  injection  wells  would  occur  entirely  on  land,  potential 
impacts  on  the  aquatic  environment  would  be  limited.  Implementation  of  standard  BMPs,  such 
as  an  erosion  and  sediment  control  plan,  environmental  protection  plan,  storm  water  pollution 
protection  plan,  and  obtaining  the  necessary  permits,  would  minimize  potential  impacts  on  the 
aquatic  environment. 

4.4.4.3  No  Action 

Construction  activities  are  not  proposed  for  the  no-action  alternative.  Thus,  this  alternative  would 
have  no  construction  impacts  on  the  aquatic  environment. 

4.4.5  Operational  Impacts  and  Mitigation 

4.4.5.1  Replacement  Outfall  (Proposed  Action) 

Pearl  Harbor  Estuary 

The  proposed  outfall  replacement  will  eliminate  a  point-source  discharge  of  treated  wastewater 
effluent  from  the  Pearl  Harbor  Estuary.  The  current  NPDES  permit  limits  the  BOD5  and  TSS 
loadings  to  this  WQLS,  as  shown  in  Table  4.4-3.  Relocation  of  the  outfall  will  ensure  future 
compliance  with  HAR  Chapter  11-54,  Section  03,  which  prohibits  any  increased  discharge  of 
wastewater  pollutants  into  Pearl  Harbor  Estuary.  It  is  not  known  whether  the  overall  water  quality 
of  the  estuary  will  significantly  improve,  because  the  dominant  sources  of  pollution  to  the  estuary 
are  land-based  sources  originating  from  the  watershed  of  Pearl  Harbor  (see  Table  4.4-2). 

The  relocation  will  prevent  anticipated  regulatory  nutrient  limits  from  being  exceeded,  should  the 
discharge  flow  inaease  (see  Appendix  I).  Relocation  of  the  outfall  may  decrease  nutrient  levels 
in  the  vicinity  of  the  existing  diffuser;  however,  changes  in  the  estuary  nutrient  levels  are  not 
expected  to  be  significant  because  the  WWTP  discharge  contributes  only  a  small  fraction  of  the 
nutrients  in  the  water  column  (see  Appendix  VI). 

Open  Coastal  Waters 

As  shown  on  Figure  4.4-1,  the  estimated  ZOM  for  the  preferred  46-m  (150-ft)-deep  diffuser  is 
smaller  than  both  the  ZOM  for  the  21-m  (70-ft)-deep  diffuser  and  the  existing  ZOM.  The  ZOM  of 
the  46-m  (1 50-ft)-deep  diffuser  is  also  small  relative  to  the  large  area  of  Class  A  Open  Coastal 
Waters  in  Mamala  Bay,  and  the  location  of  the  ZOM  has  no  unique  properties  or  functions.  The 
ZOM  of  the  46-m  (1 50-ft)-deep  diffuser  will  not  have  significant  adverse  impacts  upon  the  Open 
Coastal  Waters.  Monitoring  requirements  will  be  developed  in  cooperation  with  the  DOH  Clean 
Water  Branch  during  the  discharge  permit  process  under  HAR  Chapter  1 1-55. 

The  exact  ZOM  boundaries  will  not  be  established  until  an  NPDES  permit  is  issued  for  the  new 
outfall.  To  evaluate  the  impacts  of  operations,  the  ZOM  boundaries  for  the  46-m  (150-ft)-deep 
diffuser  were  estimated.  The  ZOM  boundaries  were  selected  such  that  nutrient  levels  at  the 
boundaries  meet  water  quality  standards  for  Class  A  Open  Coastal  Waters.  These  nutrient  levels 
are  presented  in  Table  4.4-7.  Operation  of  the  proposed  outfall  will  not  cause  average  nutrient 
levels  to  exceed  Class  A  Water  Quality  Standards  beyond  the  estimated  ZOM. 
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Table  4.4-7 

Nutrient  Level  Projections  at  the  Boundaries  of  the  Estimated  ZOM^ 


Water  Quality 
Parameter 

Effluent 

Concentration*’ 

(jEfg/l) 

Dilution  Factor 
at  ZOM 
Boundary^ 

Ambient 
Concentration 
Near  the  Diffuser*^ 
Ot/g/l) 

Calculated 

Concenfra* 

lions® 

Qt/g/l) 

DOH  Criteria 
(pg/i) 

Nitrate  +  Nitrite 
Nitrogen 

5,000 

1,200:1 

0.78 

4.95 

5.00 

Ammonia  Nitrogen 

1,600 

1,200:1 

1.85 

3.18 

3.50 

Total  Nitrogen 

8,200 

1,200:1 

94.20 

101.03 

150.00 

Total  Phosphorus 

1,400 

1,200:1 

10.66 

11.83 

20.00 

a  See  Appendix  VL 

b  Average  concentrations  from  August  1 995  through  July  1 996. 

c  Based  upon  required  dilution  for  nitrate  +  nitrite  nitrogen  to  meet  water  quality  standards, 
d  Ambient  concentration  near  the  diffuser  is  based  on  the  average  concentrations  for  Stations  3, 4, 6  and  8,  as  shown 
in  Figure  4.4-1.  These  stations  were  selected  based  upon  similar  locations  and  water  depths  to  the  proposed 
diffuser. 

e  Calculated  concentration  at  the  boundary  of  the  estimated  ZOM  =  (Concentration  in  wastewater  effluent/Dilution 
factor)  +  Ambient  concentration  near  the  diffuser. 

Because  the  mixing  of  the  effluent  discharge  with  ambient  waters  is  relatively  rapid,  the  region  of 
mixing  is  small.  Thus,  only  a  small  portion  of  the  water  column  will  have  salinity  and  temperature 
characteristics  that  differ  substantially  from  ambient  conditions.  Because  the  effluent  plume  will 
be  generally  warmer  and  less  saline  than  the  receiving  waters,  the  plume  will  be  buoyant  and  will 
rise  following  discharge.  Based  on  the  observations  of  other  similar  outfalls,  such  rising  plumes 
have  virtually  no  contact  with  the  benthic  surface. 

Marine  Biota 

The  increased  nutrient  levels  within  the  ZOM  in  the  immediate  vicinity  of  the  diffuser,  and 
perhaps  the  diffuser  structure  itself,  may  attract  reef  fish  and/or  green  sea  turtles  to  this  area,  as 
occurs  at  the  existing  outfall.  The  relocation  of  this  nutrient  source  is  not  expected  to  cause 
negative  environmental  impacts. 

4.4.5.2  Underground  injection 

The  information  required  to  determine  if  the  underground  injection  would  impact  the  aquatic 
environment  and  the  extent  of  such  an  impact  is  presently  unavailable.  Installation  of  test  wells 
and  extensive,  long-term  testing  and  analysis  would  be  required  to  evaluate  potential  impacts  on 
the  aquatic  environment,  the  overall  costs  of  which  are  prohibitive. 

It  is  possible  that  the  operation  of  the  injection  wells  may  affect  the  coastal  environment  by 
discharging  through  the  caprock  aquifer  into  the  ocean.  It  cannot  be  determined  from  existing 
information  regarding  the  specific  geologic  and  hydrologic  characteristics  of  the  proposed 
injection  area  where  and  at  what  concentration  the  injected  effluent  would  enter  the  ocean  and 
whether  environmental  degradation  would  result. 

The  permeability  of  the  calcareous  caprock  layers  in  the  area  is  extremely  variable,  ranging  from 
a  small  fraction  of  a  meter  per  day  (3.3  ft/day)  to  over  6,000  m/day  (20,000  ft/day).  Because 
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caprock  aquifers  on  the  east  side  of  Pearl  Harbor  Entrance  Channel  have  not  been  used  for 
wastewater  disposal  and  rarely  used  for  irrigation  supply,  little  is  known  about  their  hydraulic 
properties  (see  Appendix  III).  In  addition,  wastewater  effluent  injection  wells  on  Maui  have  been 
suspected  of  contributing  to  high  nutrient  levels  in  coastal  water,  resulting  in  alga!  blooms; 
however,  studies  performed  by  DOH  to  verify  these  suspicions  have  thus  far  been  inconclusive.'^ 

The  potentially  significant  impact  of  this  alternative  upon  the  aquatic  environment  cannot  be 
determined,  because  the  concentration  and  location  at  which  the  injected  effluent  would  enter 
the  ocean  is  unknown.  In  this  respect,  the  underground  injection  alternative  may  be  similar  to 
discharging  effluent  at  an  undetermined  location  without  knowing  the  dilution  that  it  would 
receive  or  the  resulting  impact  upon  the  coastal  waters.  This  potentially  significant  impact  would 
be  an  inherent  risk  of  implementing  this  alternative. 

4.4.5.3  No  Action 

Pearl  Harbor  Estuary 

The  no-action  alternative  is  the  continued  discharge  of  treated  effluent  into  the  Pearl  Harbor 
Estuary.  As  mentioned  earlier.  Pearl  Harbor  Estuary  is  classified  as  a  WQLS,  and  an  inaease  in 
point-source  nutrient  loadings,  which  may  result  from  inaeased  flow  to  the  WWTP,  will  not  be 
allowed.  In  addition,  it  is  anticipated  that  NPDES  permit  conditions  regarding  discharges  to  Pearl 
Harbor  Estuary  will  become  more  stringent  in  the  future,  requiring  some  type  of  action  to  reduce 
nutrient  loadings  or  face  violation  penalties.  The  ability  of  the  existing  outfall  to  comply  with  these 
circumstances  would  be  problematic,  and  continued  use  of  the  existing  outfall  would  limit  the 
ability  of  the  WWTP  to  accommodate  future  flow  increases. 

Open  Coastal  Waters 

As  a  result  of  the  recent  WWTP  upgrade,  it  is  not  anticipated  that  increased  discharges  up  to  the 
plant  capacity  would  cause  a  violation  of  water  quality  standards  beyond  the  boundaries  of  the 
existing  ZOM,  which  extends  into  Open  Coastal  Waters. 

Marine  Biota 

Marine  biota  in  the  vicinity  of  the  existing  outfall  have  not  been  negatively  impacted  by  the 
discharge  of  treated  effluent.  However,  there  is  a  potential  for  future  increased  effluent  flows  to 
have  a  detrimental  effect  on  marine  biota  in  the  vicinity  of  the  existing  outfall. 

4.4.6  Cumulative  Impacts 

4.4.6.1  Replacement  Outfall  (Proposed  Action) 

In  addition  to  the  proposed  outfall,  two  existing  municipal  outfalls,  from  the  SI  WWTP  and 
HWWTP,  also  discharge  treated  wastewater  effluent  into  Mamala  Bay.  This  section  assesses  the 
cumulative  impacts  of  all  three  outfalls  on  Mamala  Bay. 

The  plumes  generated  by  the  three  outfalls  exhibit  different  characteristics  and  seasonal  variations, 
as  detailed  in  Appendix  XI.  No  summer  season  data  are  available  for  the  HWWTP  outfall. 


^Verbal  communication  with  Manager,  Environmental  Planning  Office,  State  of  Hawaii,  Department  of  Health  (February 
1999). 
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Based  upon  available  data,  the  least  dilution  (greatest  pollutant  concentration)  resulting  from 
intersecting  dilution  contours  occurs  between  the  proposed  outfall  and  the  existing  SIWWTP 
outfall  during  winter. 

Overlapping  dilution  factors  for  the  three  Mamala  Bay  outfalls  are  shown  in  Table  4.4-8  (see 
Appendix  XI,  Figures  12  through  15). The  worst  conditions  resultfrom  overlapping  of  the  5,000:1 
dilution  plume  from  the  21-m  (70-ft)-deep  outfall  option  at  Fort  Kamehameha  with  the  10,000:1 
dilution  plume  from  the  SIWWTP  outfall  during  winter.  The  greater  than  1 ,000,000:1  plume  from 
the  HWWTP  would  have  a  negligible  effect  on  the  cumulative  concentration,  so  it  has  not  been 
included  in  the  calculations.  Table  4.4-9  presents  the  resulting  highest  cumulative  nutrient 
concentrations.  The  proposed  46-m  (1 50-ft)-deep  outfall  would  produce  higher  dilutions  and  lower 
cumulative  nutrient  levels  than  the  21-m  (70-ft)-deep  outfall.  As  shown,  this  worst  case  cumulative 
nutrient  level  at  the  point  of  maximum  overlap  would  be  an  inaease  of  up  to  49  percent  above 
the  present  ambient  conditions  but  would  still  be  a  factor  of  three  below  DOH  water  quality 
aiteria.  Because  nitrate  +  nitrite  nitrogen  is  the  critical  parameter  and  nutrients  in  general  are  the 
effluent  components  highest  in  concentration  relative  to  water  quality  standards,  cumulative  levels 
of  all  other  parameters  would  also  meet  water  quality  standards  at  the  point  of  maximum  overlap. 
Thus,  no  significant  cumulative  impacts  on  water  quality  would  result  from  the  proposed  action. 

4.4.6.2  Underground  Injection 

The  information  required  to  estimate  the  potential  cumulative  effects  of  underground  injection 
with  other  sources  of  contamination  is  presently  unavailable.  An  investigation  to  determine  the 
potential  cumulative  impacts  upon  the  aquatic  environment  would  be  prohibitively  expensive.  It 
is  possible  that  the  operation  of  the  injection  wells  may  affect  the  coastal  environment  by 
discharging  through  the  caprock  aquifer  into  the  ocean.  As  indicated  in  Section  4.4.5.2,  the 
existing  geologic  and  hydrologic  information  about  the  proposed  injection  area  is  insufficient  to 
determine  where  and  at  what  concentration  the  injected  effluent  would  enter  the  ocean. 

The  potentially  significant  cumulative  impact  of  this  alternative  upon  the  aquatic  environment 
cannot  be  determined  because  the  concentration  and  location  at  which  the  injected  effluent  would 
enter  the  ocean  is  unknown.  This  potentially  significant  impact  would  be  an  inherent  risk  of 
implementing  this  alternative. 

4.4.6.3  No  Action 

Future  increased  flows  to  the  WWTP  could  potentially  cause  increased  nutrient/pollutant  loadings 
to  the  estuary  which  may  have  detrimental  effects  on  the  aquatic  environment  in  the  vicinity  of 
the  existing  outfall.  These  inaeased  pollutant  loadings  could  potentially  have  a  cumulative  impact 
on  the  estuary  when  coupled  with  runoff  from  nonpoint  sources. 

4.5  Socioeconomics 

The  purpose  of  this  section  is  to  desaibe  ocean-related  activities  that  take  place  in  the  project 
vicinity  and  how  they  may  be  affected  by  the  proposed  action  and  the  underground  injection  and 
no-action  alternatives.  Commercial  and  personal  consumptive  activities  in  nearshore  waters 
include  fishing,  seaweed  gathering,  and  crab  and  lobster  netting.  Reaeational  activities  include 
surfing,  scuba  diving,  windsurfing,  kayaking,  and  swimming  in  nearshore  waters,  and  beach¬ 
combing  at  the  Hickam  Beach  Park. 
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Table  4.4-8 

Overlapping  Dilution  Factors  for  the  Two  Diffuser  Options* 


WWTP  Outfall 

Diffuser  Depth  =  46  m  (150  ft) 
Diffuser  Length  =  200  m  (656  ft) 

Diffuser  Depth  -  21  m  (7^  ft) 

Diffuser  Length  400  m  {1>310  ft) 

Winter 

Summer 

Wintef 

Slimmer 

WWTP  at  Fort  Kamehameha 

20,000:1 

100,000:1 

5,000:1 

5,000:1 

SIWWTP 

10,000:1 

50,000:1 

10,000:1 

1,000,000:1 

HWWTP 

>  >1,000,000:1 

n/a 

>  >1,000,000:1 

n/a 

*  See  Appendix  XL 

n/a  denotes  not  available. 

Winter  conditions  are  represented  by  data  collected  from  January  24  through  March  18,  1995,  and  October  27  through 
December  1,  1995.  Summer  conditions  are  represented  by  data  collected  from  approximately  March  through 
October  1995. 


Table  4.4-9 

Cumulative  Nutrient  Levels  (In  //g/l)  of  Wastewater  Effluent 
from  Three  Existing  Treatment  Plants* 


.Water  Quality 
Parameter 

Nutrient  Input  from 

Ambient 

Cone. 

(C.J 

Cumulative 
:  Cone. 

(C,) 

DOH 

Critena 

(geometric 

mean) 

Percent 

Increase 

bueto 

Outfalls** 

C, 

C 

Ammonia  Nitrogen 

1.43 

0.32 

2.09 

2.97 

3.50 

42 

Nitrite  +  Nitrate 
Nitrogen 

0.01 

1.00 

1.03 

1.54 

5.00 

49 

Total  Nitrogen 

1.90 

1.64 

95.36 

97.13 

150.00 

2 

Total  Phosphorus 

0.28 

0.28 

10.59 

10.87 

20.00 

3 

Notes: 


Qi  represents  calculated  concentration  of  10,000:1  for  the  SIWWTP  outfall  plume. 

Cfk  represents  calculated  concentration  of  5,000:1  for  the  21-m-deep  (70-ft-deep)  outfall  plume  (diffuser 

option  resulting  in  worst-case  condition  at  Fort  Kamehameha. 

Can,  represents  the  average  of  the  observed  concentration  at  Stations  3  through  10  (see  Figure  4.4-1). 

Stations  1  and  2  were  not  used  because  they  are  located  in  Pearl  Harbor  Entrance  Channel. 

Cc  represents  calculated  concentration  for  the  point  of  maximum  overlap;  equals  Ca^,  +  [(Cjj Cfl,)/2] 

*  See  Appendix  XI. 

**  Percent  inaease  due  to  discharges  from  outfalls  equals  (C^- 

Contribution  from  the  Honouliuli  outfall  is  negligible  (>  >1,000,000:1  dilution)  and  therefore  was  omitted  from 
these  calculations. 


4.5.1  Methodology  of  Analysis 


The  information  in  this  section  is  summarized  from  an  ocean  activities  study  prepared  for  this 
project  (see  Appendix  IX).  Site  visits  and  interviews  with  people  familiar  with  Hickam  Harbor,  Fort 
Kamehameha,  and  neighboring  shoreline  areas  were  conducted  during  the  fall  of  1996. 
Interviewees  included  fishermen,  lifeguards,  longtime  residents  of  this  area,  and  representatives 
from  the  Hickam  Harbor  Outdoor  Recreation  Office,  Hickam  AFB  Fire  Station,  and  Honolulu 
Police  Department.  The  study  area  included  shoreline  and  offshore  areas  of  the  WWTP  east  to  the 
vicinity  of  the  Reef  Runway. 
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4.5.2  Significance  Factors 

Two  types  of  activities  were  assessed: 

•  Recreational  activities:  fishing,  surfing,  beach-combing,  scuba  diving,  boating,  shelling,  and 
reef  walking. 

•  Economic  activities:  personal  consumptive  and  commercial  fishing  and  limu  gathering. 

Factors  considered  in  determininga  significant  socioeconomic  impact  include  the  extent  or  degree 
to  which  the  implementation  of  an  alternative  would: 

•  Affect  the  livelihood  of  individuals  who  use  the  area, 

•  Affect  activities  unique  to  this  locale  that  do  not  have  reasonable  alternatives  elsewhere,  and 

•  Affect  activities  of  members  of  minority  or  disadvantaged  populations. 

The  degree  of  significance  can  be  ascertained  by  determining: 

•  Whether  the  activity  is  within  the  area  influenced  by  the  alternative, 

•  The  number  of  users, 

•  The  frequency  of  the  activity,  and 

•  Duration  of  the  loss  of  use. 

4.5.3  Relevant  Environmental  Conditions 

Ocean  activities  occurring  between  the  Reef  Runway  and  the  Pearl  Harbor  Entrance  Channel  are 
concentrated  along  the  coast  fronting  the  Hickam  Outdoor  Recreation  Facility,  Hickam  Wetland 
Management  Area,  and  Fort  Kamehameha  Housing  (Figure  4.5-1).  Most  nearshore  activity  is 
concentrated  at  Hickam  Beach  Park,  more  than  1,200  m  (3,900  ft)  away  from  the  construction 
zone.  This  beach  park  is  open  to  military  personnel  and  their  dependents  and  guests.  The  beach 
is  small  and  the  water  murky,  but  it  is  easily  accessible.  Offshore  activity  is  concentrated  at  Ahua 
Reef,  either  on  the  flat  or  on  the  slope.  Access  to  the  reef  flat  is  generally  limited  to  military 
personnel. 

The  Department  of  Defense  (DoD)  has  jurisdiction  over  the  waters  in  the  Pearl  Harbor  Entrance 
Channel  out  to  the  Reef  Runway,  therefore,  civilian  wateraaft  are  not  allowed  inshore  of  the 
runway. 

Activities  within  the  study  area  are  common  to  most  coastal  areas  in  Hawaii.  These  include 
fishing,  trapping,  kayaking,  boating,  reef  walking,  scuba  diving,  shelling,  surfing,  windsurfing, 
waterskiing,  and  thrill  craft  riding  offshore. 

Activities  are  conducted  for  economic  purposes,  personal  consumption,  and  for  pleasure.  Some 
activities,  such  as  fishing,  can  be  both  commercial  and  consumptive  in  nature. 

4.5.3.1  Commercial  Uses 

The  majority  of  fishing  is  done  by  commercial  net  fishermen  from  boats  outside  of  the  Pearl 
Harbor  Estuary.  They  catch  migrating  schooling  fish  such  as  bigeye  scad  (akule)  and  jack  (u/ua). 
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Large-scale  fishing  operations  do  not  operate  in  the  project  area  and  are  thus  beyond  the  scope 
of  this  report. 

Commercial  Underwater  Net  Fishing.  The  more  common  type  of  fishing  in  this  area  is  underwater 
net  fishing.  Fishermen  use  scuba  gear  and  surround  nets  to  herd  reef  fish  in  waters  1 5  to  30  m 
(50  to  100  ft)  deep.  The  average  frequency  of  users  is  three  per  day  on  weekdays  and  six  per  day 
on  weekends. 

Tropical  Fish  Collecting.  Several  commercial  fish  collectors  operate  in  this  area  and  sell  their  fish 
to  aquarium  fish  wholesalers.  Usually  they  scuba  dive  on  the  reef  slope  at  depths  of  10  to  20  m 
(33  to  66  ft).  The  number  offish  collectors  averages  two  per  day  on  both  weekdays  and  weekends. 

Trapping.  One  commercial  trap  fisherman  has  operated  in  the  area  for  the  last  10  years  and 
normally  sets  his  traps  25  to  30  m  (80  to  100  ft)  deep.  Trappers  have  gentlemen's  agreements  to 
stay  out  of  each  other's  territories. 

4.5. 3.2  Personal  Consumptive  Uses 

DoD  personnel,  their  family  members,  and  guests  may  fish  reaeationally  in  certain  Navy-owned 
and  Air  Force-owned  areas.  In  August  1998,  DOH  issued  an  advisory  regarding  the  consumption 
of  fish  and  shellfish  from  Pearl  Harbor.  The  Navy  and  Air  Force  have  posted  signs  along  the 
shoreline  of  Pearl  Harbor  informing  DoD  personnel  and  the  general  public  of  this  advisory. 

Netting.  Netting  in  the  area  is  done  for  personal  consumption.  Species  found  nearshore  are 
juvenile  jacks  (pap/o),  threadfin  (mo/),  bonefish  (o/o),  milkfish  (awa),  mullet,  bigeye  scad  (aku/e), 
and  mackerel  scad  (ope/u).  Yellowstripe  goatfish  (vveke),  bigeye  emperor  (mu),  bluestripe  snapper 
(ta'ape),  and  white  saddle  goatfish  (kumu)  are  found  offshore  on  Ahua  Reef.  Octopus  or  "squid" 
are  caught  by  fishermen  in  the  offshore  area.  Some  gill  net  fishing  occurs  on  both  sides  of  the 
Hickam  Harbor  Channel  (see  Figure  4.5-1 ,  in  vicinity  of  #5  and  #6),  and  some  throw-net  fishing 
takes  place  on  the  Reef  Runway  revetment  (see  Figure  4.5-1,  #7). 

Crab  Netting.  This  is  both  a  commercial  and  personal  consumptive  activity,  although  nearshore 
waters  are  generally  considered  poor  crabbing  areas.  Most  crabbing  within  the  study  area  occurs 
at  the  Reef  Runway  revetment  area,  which  is  noted  for  its  large  population  of  black  rock  (a'ama) 
crabs,  a  popular  Hawaiian  luau  dish. 

Gathering.  During  periods  of  calm  seas,  limpets  (opihi)  can  be  gathered  on  the  seaward  side  of 
the  Reef  Runway  on  a  limited  basis  and  more  frequently  on  the  reef  flat  side  of  the  Reef  Runway. 
The  number  of  users  averages  two  per  day  on  weekdays  and  four  per  day  on  weekends. 

Pole  Fishing.  Pole  fishing  is  prohibited  along  the  shoreline.  Beyond  the  shoreline,  pole  fishing 
occurs  along  the  revetment  that  comprises  the  western  edge  of  the  Reef  Runway  and  along  the 
edge  of  the  reef  flat  in  Hickam  Harbor  (see  Figure  4.5-1,  #3).  It  can  be  either  a  personal 
consumptive  or  reaeational  activity.  The  number  of  users  averages  two  per  day  on  weekdays  and 
four  per  day  on  weekends. 

Handline  Fishing.  Commercial  and  personal  consumptive  handline  fishing  occurs  at  night  at 
certain  times  of  the  year  (see  Figure  4.5-1 ,  in  the  vicinity  of  #7),  when  as  many  as  20  boats  may 
be  found  near  the  Pearl  Harbor  Entrance  Channel.  This  is  an  infrequent  activity  and  only  occurs 
when  fish  are  schooling. 
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Spear  Fishing.  Spear  fishing  for  both  commercial  and  consumptive  use  occurs  in  deeper  waters 
near  the  Reef  Runway  at  depths  below  20  m  (65  ft).  Fish  and  octopus  are  caught  at  the  outermost 
buoys  in  the  channel  (see  Figure  4.5-1 ,  in  the  vicinity  of  #8).  Users  average  two  per  weekday  and 
1 5  per  day  on  weekends. 

Lobstering.  Lobsters  are  gathered  by  hand,  especially  by  divers  near  the  outer  channel  markers. 
The  number  of  users  averages  two  per  day  on  weekdays  and  ten  per  day  on  weekends  and 
holidays.  Lobster  catching  is  a  seasonal  activity  and  is  prohibited  by  the  State  of  Hawaii  during 
certain  times  of  the  year. 

4.5.3.3  Recreational  Uses 

All  personal  consumptive  activities  described  above  may  also  be  conducted  for  reaeational 
purposes  and,  therefore,  are  not  discussed  in  this  section.  Although  the  following  recreational 
activities  are  conducted  less  frequently  in  the  area  of  the  proposed  project  than  in  more  public, 
civilian  beach  areas,  they  do  occur  as  follows: 

Surfing.  "Firsts"  and  "Seconds"  are  the  primary  surf  breaks  in  the  area  (see  Figure  4.5-1,  #5  and 
#6).  Approximately  800  m  (2,600  ft)  offshore,  they  are  considered  excellent  intermediate  and 
advanced  surf  sites.  However,  because  they  are  some  distance  from  the  shore,  they  are 
infrequently  used.  The  number  of  users  averages  1 5  per  day  on  weekdays  and  weekends.  This  is 
an  intermittent  seasonal  activity  occurring  during  good  surf  conditions  in  the  summer  months 
when  larger  ocean  swells  are  experienced  on  the  southern  coasts  of  all  of  the  islands. 

Scuba  Diving.  A  military  dive  club,  the  Sea  Lancers,  regularly  dives  offshore  on  both  sides  of  the 
Pearl  Harbor  channel.  The  number  of  divers  averages  50  per  dive.  Dives  are  limited  to  two  per 
day  on  weekends  and  holidays. 

Shelling.  The  reef  flat  is  considered  by  some  shell  collectors  as  one  of  the  last  good  shelling  reefs 
on  Oahu.  This  status  is  probably  due  to  the  fact  that  access  is  generally  limited  to  military 
personnel.  The  number  of  users  cannot  be  determined  because  it  is  a  secondary  activity,  in 
conjunction  with  reef  walking,  gathering,  and  scuba  diving. 

Reef  Walking.  This  is  the  most  popular  activity  on  the  reef  flat.  Individuals  and  organized  groups 
use  the  reef  to  observe  such  marine  life  as  small  moray  eels,  conger  eels,  and  puffer  fish.  Users 
average  two  per  day  on  weekdays  and  six  per  day  on  weekends  and  holidays.  Guided  walking 
tours  are  conducted  six  times  a  year  and  include  up  to  50  students  per  visit. 

Kayaking.  Ocean  kayaking,  using  polyurethane  kayaks,  is  a  popular  activity  in  Hickam  Harbor  (see 
Figure  4.5-1,  #3).  Some  kayakers  occasionally  transit  the  project  area  while  others  remain  close 
to  shore. 

Sailing.  Small  aaft  are  occasionally  sailed  from  the  beach  at  Fort  Kamehameha.  Larger  sailboats 
originate  from  Hickam  Harbor.  Boating  activities  in  the  harbor  include  sailing  classes. 

Outrigger  Canoe  Paddling.  None  of  the  Oahu  canoe  clubs  trains  in  the  area,  however,  they  do 
transit  the  offshore  waters  near  Fort  Kamehameha. 

Power  Boating.  Some  recreational  boaters  use  the  cove  inside  the  Reef  Runway  (see  Figure  4.5-1 , 
#7).The  number  of  boats  near  the  area  is  approximately  one  per  weekday  and  three  on  weekends. 
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Thrill  Craft.  Jet  skis  operate  offshore  of  the  Reef  Runway  (see  Figure  4.5-1,  #9)  and  occasionally 
stray  into  Hickam  Harbor,  but  are  usually  escorted  away  from  the  area  by  Hickam  lifeguards. 

Tour  Boats.  Commercial  tour  boats  offer  dinner  cruises  as  well  as  various  excursions.  The  Pearl 
Harbor  cruise  vessels  traverse  waters  near  the  project  area  to  enter  and  leave  the  harbor. 

Waterskiing.  Two  primary  waterskiing  sites  on  Oahu  are  Hickam  Harbor  west  of  the  Reef  Runway 
(see  Figure  4.5-1,  #3)  and  Keehi  Lagoon,  east  of  the  Reef  Runway.  Because  Hawaiian  waters  offer 
few  opportunities  for  waterskiing,  these  two  sites  are  often  used.  The  number  of  users  averages 
one  per  day  on  weekdays  and  three  per  day  on  weekends. 

Windsurfing.  Depending  on  the  prevailing  wind  direction,  windsurfers  launch  at  Hickam  Harbor, 
at  the  east  end  of  Hickam  Beach  Park  (see  Figure  4.5-1,  #10),  and  at  Honeymoon  Beach. 
Windsurfers  occasionally  jump  and  surf  waves  at  "Firsts"  and  "Seconds"  but  this  is  not  encouraged 
by  lifeguards  due  to  the  distance  from  shore.  If  in  trouble,  they  may  drift  into  the  Pearl  Harbor 
channel  or  into  the  Iroquois  Point  area  before  help  could  reach  them.  Windsurfers  average  three 
per  day  on  weekdays  and  eight  per  day  on  weekends. 

4.5.4  Construction  impacts 

4.5.4.1  Replacement  Outfall  (Proposed  Action) 

The  project  area  lies  within  restricted  shore  waters  and  is  accessible  primarily  to  DoD  personnel. 
Construction  will  temporarily  displace  certain  user  groups,  but  the  actual  number  of  people 
affected  will  be  small.  Construction  impacts  may  include  suspending  or  limitingall  ongoing  ocean 
activities  within  the  project  area  until  the  outfall  is  completed.  Construction  of  the  outfall  and  the 
diffuser  should  last  approximately  two  years.  The  construction  impacts  are  not  anticipated  to  be 
significant  because  the  total  number  of  people  affected  will  be  small,  the  displacement  of  activities 
will  be  temporary,  and  most  of  the  activities  can  be  relocated  during  construction. 

Some  commercial  and  personal  consumptive  activities  in  the  study  area,  including  gill  netting, 
crab  netting,  and  pole  fishing,  will  not  be  disrupted  during  construction  because  they  occur  at 
locations  sufficiently  remote  from  the  construction  zone.  For  commercial  and  personal 
consumptive  activities,  there  are  reasonable  alternatives  elsewhere.  The  Ewa  shoreline,  Waianae 
coastal  area,  and  even  urbanized  sections  of  Oahu's  south  shore  can  easily  be  accessed  for  such 
activities  as  aab  netting,  handline  fishing,  and  spear  fishing.  Any  activity  that  occurs  in  the 
construction  zone  can  relocate  or  simply  avoid  the  zone  during  the  construction  period.  The 
displacement  of  activities  will  be  temporary.  The  total  duration  of  construction  should  be 
approximately  two  years  consisting  of  nine  months  on  the  reef  flat,  eight  months  in  the  entrance 
channel,  five  months  in  the  rock  zone,  and  three  months  in  the  sand  zone.  Construction  on  the 
reef  flat  may  coincide  with  construction  in  deeper  zones.  After  construction  has  been  completed, 
displaced  activities  such  as  gill  netting,  gathering,  and  tropical  fish  colleting  can  resume  within 
a  short  time. 

For  reaeational  activities,  there  are  other  sites  suitable  for  scuba  diving,  windsurfing,  and  boating 
activities  that  transit  the  area.  Because  the  surf  breaks  are  at  least  300  m  (1,000  ft)  from  the 
construction  corridor,  construction  activities  will  not  disrupt  surfing.  Thrill  aaft  and  waterskiing 
are  also  conducted  in  the  areas  that  will  not  be  disrupted  by  construction  activities.  Tour  boat 
operations  will  not  be  disrupted  by  construction  activities.  The  most  adversely  affected  group  will 
be  those  participating  in  reef  activities,  such  as  shell  collecting,  and  reef  walking.  These  activities 
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will  be  temporarily  displaced  from  the  northern  and  western  portions  of  the  reef  for  approximately 
nine  months  during  construction  on  the  reef.  During  this  period,  access  to  the  southeastern  portion 
of  the  reef  will  be  available  for  these  activities.  The  number  of  recreational  users  temporarily 
displaced  by  this  project  will  be  small. 

4.5.4.2  Underground  injection 

As  described  in  Section  2.3,  the  underground  injection  alternative  requires  construction  of  a  well 
field,  transmission  pipelines,  and  additional  facilities  at  the  WWTP.  These  facilities  would  not  be 
constructed  in  areas  used  for  recreational  or  commercial  activities,  so  construction  of  this 
alternative  would  not  result  in  significant  socioeconomic  impacts. 

4.5.4.3  No  Action 

The  no-action  alternative  would  not  have  construction  impacts  because  construction  activities  are 
not  proposed. 

4.5.5  Operational  impacts 

4.5.5. 1  Replacement  Outfall  (Proposed  Action) 

The  proposed  action  would  not  create  a  new  source  of  effluent,  rather  it  would  relocate  the 
existing  discharge  to  a  new  locale  at  a  deeper  depth  and  provide  better  dilution.  The  treated 
effluent  will  meet  all  pathogen  and  toxin  removal  standards  required  by  law  (see  Sections  4.4  and 
4.8  for  more  details).  Thus,  the  impact  of  the  discharge  of  effluent  from  the  WWTP  at  Fort 
Kamehameha  on  the  area's  water  quality  will  be  improved  from  its  current  level,  and  the  potential 
impact  of  the  discharge  on  users  of  the  aquatic  environment  will  be  negligible. 

The  only  ocean  activities  identified  in  the  immediate  vicinity  of  the  proposed  diffuser  are  spear 
and  net  fishing.  Although  there  is  no  evidence  that  fish  caught  within  the  ZOM  would  pose  a 
health  risk  to  consumers,  fishermen  who  may  perceive  the  diffuser  area  as  an  undesirable  place 
to  fish  will  have  the  option  of  fishing  at  other  suitable  areas.  No  significant  impacts  on  ocean 
activities  are  expected  from  the  proposed  discharge.  It  is  not  clear  whether  the  removal  of  the 
discharge  from  waters  bordering  Ahua  Reef  will  improve  fishing  or  shelling  conditions  there,  as 
the  outfall  represents  only  a  fraction  of  the  pollutant  loadings  at  that  location. 

4.5.5.2  Underground  Injection 

The  information  required  to  determine  if  underground  injection  would  impact  ocean  activities  and 
the  extent  of  such  an  impact  is  presently  unavailable.  Installation  of  test  wells  and  extensive  testing 
and  analysis  would  be  required  to  evaluate  potential  impacts  on  the  aquatic  environment  where 
such  activities  occur.  As  indicated  in  Section  4.4,  the  overall  costs  of  such  a  study  would  be 
prohibitive. 

It  is  possible  that  the  operation  of  the  injection  wells  may  affect  activities  in  the  coastal 
environment  by  discharging  through  the  caprock  aquifer  into  the  ocean.  It  cannot  be  determined 
from  existing  information  regarding  the  specific  geologic  and  hydrologic  characteristics  of  the 
proposed  injection  area  where  and  at  what  concentration  the  injected  effluent  would  enter  the 
ocean  and  whether  impacts  on  ocean  activities  would  result.  As  indicated  in  Section  4.4,  the 
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hydraulic  properties  of  the  caprock  aquifer  on  the  east  side  of  the  Pearl  Harbor  Entrance  Channel 
are  extremely  variable  and  poorly  defined. 

The  potentially  significant  impact  of  this  alternative  upon  the  socioeconomic  activities  in  the 
aquatic  environment  cannot  be  determined  because  the  concentration  and  location  at  which  the 
injected  effluent  would  enter  the  ocean  is  unknown.  This  potentially  significant  impact  would  be 
an  inherent  risk  of  implementing  this  alternative. 

4.5. 5.3  No  Action 

The  no-action  alternative  would  potentially  have  a  significant  impact  on  ocean  activities  if  the 
volume  of  treated  effluent  discharged  increases,  affecting  the  water  quality  in  the  vicinity  of  the 
existing  outfall,  which  is  located  near  several  reef  activities  (see  Figure  4.5-1). 

4.5.6  Cumulative  Impacts 

4.5.6.1  Replacement  Outfall  (Proposed  Action) 

No  cumulative  socioeconomic  impacts  are  anticipated  for  the  proposed  action.  The  entire  Pearl 
Harbor  basin  is  heavily  urbanized  and  not  a  pristine,  undisturbed  area.  The  water  near  the  Pearl 
Harbor  Entrance  Channel  contains  urban  runoff  pollution  from  nearby  businesses,  homes, 
Honolulu  International  Airport,  Hickam  AFB,  and  the  Pearl  Harbor  Naval  Complex.  Ships  transit 
offshore  waters.  The  proposed  action  would  not  diminish  the  existing  environmental  conditions, 
because  the  construction  of  a  new  outfall  would  not  create  a  new  effluent  source.  It  merely 
relocates  the  existing  discharge  to  a  location  within  the  same  socioeconomic  region  of  influence. 
The  proposed  action,  combined  with  the  effects  of  urbanization,  the  military  installations,  the 
airport,  airaaft  from  the  Reef  Runway  and  transiting  vessels,  will  not  degrade  the  area's  potential 
to  support  the  socioeconomic  activities  identified  herein. 

4.5.6.2  Underground  Injection 

As  indicated  in  Section  4. 5. 5.2,  the  information  needed  to  assess  the  potential  impacts  of 
underground  injection  on  ocean  activities  of  the  area  is  not  available,  and  the  cost  of  studies 
needed  to  acquire  such  information  would  be  prohibitive.  There  is  potential  for  treated  effluent 
from  underground  injection  to  enter  nearshore  waters,  such  as  the  Pearl  Harbor  Estuary  or  Hickam 
Harbor.  This  additional  pollutant  source,  in  addition  to  surface  runoff  from  nonpoint  sources, 
could  degrade  water  quality  and  cumulatively  impact  ocean  activities  by  reducing  the  capacity  of 
the  area  to  support  such  activities.  In  particular,  Hickam  Harbor  has  limited  water  circulation, 
therefore,  treated  effluent  entering  the  harbor  would  not  readily  disperse  and  dilution  would  be 
limited. 

If,  however,  the  treated  effluent  from  the  injection  wells  were  to  enter  Open  Coastal  Waters,  the 
cumulative  impact  of  the  HWWTP  and  SIWWTP  outfalls  and  the  underground  injection  effluent 
would  probably  be  very  small  due  to  the  greater  amount  of  dilution  occurring  in  Open  Coastal 
Waters. 


4.5.6.3  No  Action 

Since  the  existing  outfall  discharges  into  relatively  shallow  waters  with  limited  circulation,  there 
is  potential  for  inaeased  nutrient/pollutant  loadings  to  the  estuary  and  surface  runoff  from 
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nonpoint  sources  to  cumulatively  impact  ocean  activities  occurring  on  the  nearby  reef.  The  estuary 
water  quality  could  potentially  deteriorate  to  such  an  extent  as  to  displace  some  nearby  ocean 
activities,  both  recreational  and  personal  consumptive  in  nature,  adversely  impacting  the 
participants. 

4.5.7  Mitigation 

4.5.7.1  Replacement  Outfall  (Proposed  Action) 

In  addition  to  installing  signs  and  construction  ribbon  at  the  site,  the  construction  contractor  will 
provide  security  for  staging  and  reef  construction  areas  for  the  proteaion  of  public  health  and 
safety.  Security  personnel  will  notify  users  of  areas  which  are  closed  for  construction  purposes. 
Coordination  with  Hickam  AFB  Security  Police  will  be  implemented.  Although  not  significant, 
socioeconomic  impacts  (temporary  displacement  of  uses)  resulting  from  construction  of  the 
replacement  outfall  are  unavoidable.  No  mitigation  measures  are  required  for  long-term  operation 
of  the  outfall. 

4.5.7.2  Underground  Injection 

Should  nearshore  water  quality  problems  develop  as  a  result  of  underground  injection,  mitigation 
may  include  upgrading  the  treatment  plant  to  improve  its  capabilities,  injecting  into  deeper  strata, 
or  relocating  underground  injection  wells  to  an  area  where  impacts  to  nearshore  water  quality  are 
less  likely. 

4.5.7.3  No  Action 

No  new  actions  are  proposed;  therefore,  no  mitigation  is  required. 

4.5.8  Environmental  Justice 

Under  Executive  Order  12898,  Federal  Actions  to  Address  Environmental  justice  in  Minority 
Populations  and  Low-Income  Populations,  dated  February  11,1 994,  federal  agencies  are  required 
to  address  the  potential  for  disproportionately  high  and  adverse  environmental  effects  of  their 
actions  on  minority  and  low-income  populations.  Specific  requirements  of  these  policies  state  that 
an  agency  shall  ensure  that: 

•  Programs  and  activities  under  its  control  or  receiving  federal  funds,  and  that  affect  human 
health  or  the  environment,  do  not  directly  or  indirectly  use  aiteria,  methods,  or  practices  that 
discriminate  on  the  basis  of  race,  color  or  national  origin. 

•  Human  health,  economic,  and  social  effects  of  its  actions  are  analyzed,  including  effects  on 
minority  and  low-income  communities,  as  required  under  NEPA. 

•  Opportunities  for  community  input  in  the  NEPA  process  are  provided,  including  identifying 
potential  effects  and  mitigation  in  consultation  with  affected  communities  and  ensuring 
accessibility  to  meetings,  crucial  documents,  and  notices. 

•  Mitigation  measures  outlined  in  an  environmental  assessment  (EA),  EIS,  or  Record  of  Decision, 
whenever  feasible,  address  significant  and  adverse  environmental  effects  of  proposed  federal 
actions  on  such  communities. 
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•  The  public,  including  minority  and  low-income  communities,  has  adequate  access  to  public 
information  relatingto  human  health  or  environmental  planning,  regulation,  and  enforcement. 

In  compliance  with  Executive  Order  12898,  this  document  provides  a  demographic  frame  of 
reference  for  the  area  in  which  the  WWTP  at  Fort  Kamehameha  is  located.  The  proposed  project 
is  located  adjacent  to  Hickam  AFB  and  Naval  Base  Pearl  Harbor  with  a  total  population  of 
approximately  40,000  military  personnel  and  their  families.  Military  personnel  and  dependents 
are  not  considered  to  be  minorities  or  low-income  populations  as  contemplated  by  Executive 
Order  12898.  No  adverse  health  effects  or  risks  have  been  identified  that  disproportionately 
impact  any  minority  or  low-income  populations.  Users  who  may  be  temporarily  displaced  during 
construction  are  not  known  to  be  members  of  a  particular  minority  or  low-income  population 
group. 

In  accordance  with  NEPA,  actions  to  ensure  public  notification  of  the  proposed  project  are  being 
conducted  as  part  of  the  EIS  process,  and  the  public  is  provided  the  opportunity  to  participate  and 
comment  during  the  process. 

4.6  Protected  Species  and  Habitats 

This  section  discusses  impacts  on  flora  and  fauna,  including  listed  (threatened  and  endangered) 
species,  protected  migratory  shorebird  species,  and  their  habitats.  Both  marine  and  terrestrial 
habitats  are  evaluated. 

For  the  replacement  outfall  alternative,  major  conclusions  include  the  following: 

•  Terrestrial  flora  will  not  be  affected  by  the  proposed  action  because  construction  access  and 
staging  will  occur  only  on  land  areas  with  urban  saub  habitat. 

•  During  construction,  birds,  including  the  endangered  Hawaiian  stilt  {Himantopus  mexicanus 
knudseni)  and  migratory  shorebirds,  may  be  temporarily  displaced  from  foraging  areas  on  the 
offshore  islets  and  reef  flats.  However,  given  the  relatively  low  numbers  of  individuals  noted 
and  availability  of  nearby  similar  undisturbed  habitat,  the  degree  of  impacts  to  birds  will  not 
be  significant.  Mitigation  of  such  impacts  is  discussed  in  Section  4.6.3. 

•  Areas  of  substantial  coral  development  have  been  avoided  by  routing  the  outfall  alignment 
around  these  areas  or  by  microtunneling  beneath  them.  Potential  effects  upon  living  corals 
from  turbidity  and  subsequent  sedimentation  during  outfall  construction  are  not  anticipated 
to  be  significant. 

•  Open  trenching  in  the  entrance  channel  will  occur  in  proximitytoforagingand  resting  habitat 
for  green  sea  turtles  situated  along  the  channel  sides  approximately  50  m  (165  ft)  and  more 
to  the  east.  Since  construction  will  occur  at  any  one  time  in  a  relatively  small  length  of 
approximately  1 00  to  1 50  m  (330  to  500  ft)  within  at  total  one-kilometer  (3,300-ft)  length  of 
channel,  substantial  areas  will  remain  for  foraging  and  resting. 

•  During  operation  of  the  outfall,  marine  life,  particularly  the  threatened  green  sea  turtles,  may 
aggregate  near  the  new  diffuser.  The  effluent  discharge  will  not  adversely  affect  aquatic  flora 
and  fauna  (see  Appendix  VI).  No  cumulative  impacts  on  protected  species  are  anticipated. 

The  construction  and  operation  of  the  underground  injection  alternative  would  be  in  areas  that 
are  unlikely  to  provide  habitats  for  listed  species.  However,  site-specific  surveys  would  need  to 
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be  conducted  prior  to  any  construction  activity.  In  addition,  much  of  the  area  proposed  as  the  site 
for  the  injection  wells  is  considered  a  jurisdictional  wetland,  and  construction  and  operations 
would  be  subject  to  special  requirements. 

Impacts  to  protected  species  are  not  expected  as  a  result  of  the  no-action  alternative.  However, 
there  is  potential  for  operations  to  affect  protected  marine  biota  if  flows  to  the  WWTP  were  to 
inaease  in  the  future,  increasing  the  nutrient  and/or  pollutant  loadings  to  the  estuary. 

4.6.1  Significance  Factors 

Factors  considered  in  determining  a  significant  impact  on  floral  and  faunal  resources  include  the 
extent  or  degree  to  which  the  implementation  of  an  alternative  would; 

•  Adversely  impact  species  listed  as  endangered,  threatened,  or  rare  under  federal  or  state  law. 

•  Affect  aitical  habitat  required  for  the  continued  existence  of  endangered,  threatened,  or  rare 
species. 

•  Affect  essential  habitat  as  designated  in  a  U.S.  Fish  and  Wildlife  (USFWS)  endangered  species 
Recovery  Plan. 

•  Affect  jurisdictional  wetlands. 

•  Affect  the  continued  viability  of  coral  reef  ecosystem. 

•  Affect  the  distribution  or  population  of  species  listed  in  the  Western  Pacific  Regional  Fishery 
Management  Council's  (WPRFMC's)  Fishery  Management  Plan  (FMP). 

4.6.2  Relevant  Environmental  Conditions 

4.6.2. 1  Terrestrial  Wildlife 

The  project  area  for  the  replacement  outfall  does  not  contain  any  special  or  unique  habitats.  A 
report  summarizing  bird  survey  results  conducted  in  1993,  1994,  and  1996  is  provided  as 
Appendix  V.  Among  those  species  observed  (Table  4.6-1),  the  only  listed  species  is  the 
endangered  Hawaiian  stilt  (Himantopus  mexicanus  knudseni).  Stilts  rest  on  the  offshore  islets  and 
forage  in  shallow  waters.  They  would  not  be  expected  to  nest  on  the  offshore  islets  or  the  reef  flats 
due  to  frequent  human  disturbance  and  easy  access  of  the  habitat  to  predators. 

Previous  wildlife  surveys  also  identified  the  presence  of  introduced  birds  such  as  zebra  dove 
(Geopelia  striata),  common  myna  (Acridotheres  tristis),  and  red-vented  bulbul  {Pycnonotus 
cafer).’*  No  listed  mammal  species  were  observed  near  the  WWTP. 

4.6.2.2  Aquatic  Biota 

The  aquatic  biota  for  the  majority  of  the  project  area  can  be  characterized  as  being  of  low 
biodiversity  and  low  abundance.  Only  one  federally  listed  species,  the  threatened  green  sea  turtle 
(Chelonia  mydas),  frequents  the  proposed  project  area.  The  endangered  humpback  whale 
{Megaptera  novaeangliae)  is  occasionally  seen  near  the  outermost  portions  of  the  project  area,  but 
usually  remain  farther  offshore.  One  adult  humpback  and  its  calf  were  reported  to  have  briefly 
entered  Pearl  Harbor  within  the  last  two  years.  Although  the  Hawaiian  Islands  Humpback  Whale 
National  Marine  Sanctuary  has  been  established  in  offshore  areas  north  and  south  of  Oahu,  the 
closest  sanctuary  boundary  to  the  project  area  extends  from  the  shoreline  at  the  Ala  Wai  Canal  to 


^^P.L.  Bruner  (February  26,  1 992)  5urvey  of  the  Avifauna  and  Feral  Mammals  for  the  Fort  Kamehameha  Wastewater  Treatment 
Plant  Expansion  Project,  Hickam  Air  Force  Base,  Oahu.  Prepared  for  Belt  Collins  &  Associates. 
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Table  4.6-1 

Summary  of  Birds  Observed  on  Nine  Surveys  Conducted  between  1993  and  1996* 


Category 

Common  Name 

Scientific  Name 

Total  No. 

Migratory  shorebirds 

Pacific  golden  plover 

Pluvial  is  fulva 

39 

Ruddy  turnstone 

Arenaria  interpres 

19 

Sanderling 

Calidris  alba 

9 

Wandering  tattler 

Heteroscelus  incanus 

8 

Resident  wetland 
birds 

Hawaiian  stilt 

Himantopus  mexicanus 

2 

Black-crowned  night  heron 

Nycticorax  nycticorax 

3 

Seabirds 

Brown  booby 

Sula  leucogaster 

1 

Common  (brown)  noddy 

Anous  stolidus 

10 

*See  Appendix  V. 


the  183-m  (600-ft  or  100-fathom)  isobath  (not  including  the  Ala  Wai  Small  Boat  Basin), 
approximately  8.9  km  (5.6  mi)  away  from  the  project  site.’^ 

Ocean  and  reef  areas  in  the  vicinity  of  the  project  are  known  to  be  used  by  green  sea  turtles  for 
foraging  and  resting.  This  includes  the  entire  channel  area,  the  adjoining  reef,  and  the 
environmentally  preferred  construction  corridor.  As  discussed  in  Section  4.4.3.3,  turtles  have  been 
observed  throughout  the  heavily  used  channel,  the  channel  edge  and  limestone  block  biotope, 
and  eastward  across  the  outer  and  middle  portions  of  the  reef.  Turtles  in  this  area  appear 
habituated  to  the  presence  of  human  activities  on  and  in  the  water. 

Under  Section  7  of  the  Endangered  Species  Act,  the  USFWS,  NMFS,  or  both  agencies,  must  be 
consulted  when  a  proposed  action  may  affect  listed  species  or  result  in  the  destruction  or  adverse 
modification  of  critical  habitat  designated  for  such  species.  Informal  Section  7  consultations  with 
USFWS  and  NMFS  were  initially  completed  in  1997.  Both  agencies  concurred  that  construction 
and  operation  of  the  proposed  outfall  are  not  likely  to  adversely  impact  any  listed  species  or 
designated  critical  habitat  (see  Appendix  ll-m).  Subsequently,  new  information  on  the  potential 
to  encounter  military  ordnance  in  the  construction  corridor  and  the  potential  need  for  disposal  of 
ordnance  items  by  in-water  detonation,  which  could  have  adversely  affected  green  sea  turtles  in 
the  area,  caused  the  Navy  to  initiate  a  formal  Section  7  consultation  with  the  NMFS.  However,  the 
Navy  has  decided  that  an  engineering  solution,  involving  minor  outfall  realignment  to  avoid 
disturbance  of  ordnance  items,  will  be  implemented,  in  the  unlikely  event  that  one  or  more 
ordnance  items  are  detected  within  the  established  construction  corridor  that  cannot  be  picked 
up  and  carried  away.  This  engineering  solution  will  not  create  additional  impacts  to  the 
environment.  Thus,  the  need  for  in-place  detonation  of  ordnance  is  not  anticipated  and  formal 
Section  7  consultation  is  not  necessary.  If  it  becomes  apparent  during  project  execution  that  in- 
place  detonation  of  ordnance  cannot  be  avoided,  the  Navy  will  reinitiate  formal  Section  7 
consultation  with  NMFS  prior  to  continuing  construction. 


’^U.S.  Department  of  Commerce,  National  Ocean  Service,  National  Oceanic  and  Atmospheric  Administration,  Office  of  Ocean 
and  Coastal  Resource  Management,  Sanctuaries  and  Reserves  Division  and  State  of  Hawaii,  Department  of  Business  Economic 
Development  and  Tourism  (February  1997)  Hawaiian  Islands  Humpback  Whale  National  Marine  Sanctuary  Final  Environmental 
Impact  Statement/Management  Plan, 
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The  construction  corridor  aosses  an  inshore  reef  flat,  then  transitions  into  a  dredged  channel,  and 
follows  the  channel  until  it  descends  the  natural  reef  slope  seaward  of  the  dredged  channel  limits, 
to  end  in  a  sandy  zone.  Live  corals  occur  at  varying  densities  and  in  various  assemblages  in  the 
project  area,  but  the  preferred  alignment  has  been  selected  and  configured  to  avoid  the  areas  of 
appreciable  coral  density.  Two  relatively  large  communities  of  living  coral  were  located  along  the 
preferred  alignment.  These  live  reef-building  corals  are  estimated  to  cover  about  2  percent  of  the 
seabed  in  these  areas.  These  coral  areas  extend  for  distances  of  75  m  (245  ft)  and  100  m  (330  ft), 
respectively,  along  the  construction  corridor.  The  first  of  these  coral  communities  is  located  in  the 
vicinity  of  the  intermediate  miaotunnel  jacking/receiving  pit  and  construction  barge  access 
channel.  The  second  is  located  seaward  of  the  dredged  navigation  channel,  on  the  rubble  slope 
at  depths  of  1 7  to  23  m  (55  to  75  ft). 

4.6.2.3  Essential  Fish  Habitat 

The  WPRFMC  has  amended  four  FMPs  to  include  Essential  Fish  Habitats  (EFH)  and  Habitat  Areas 
of  Particular  Concern  (HAPC).  These  amendments  and  FMPs  are: 

1 .  Amendment  6  to  the  Bottomfish  and  Seamount  Croundfish  FMP, 

2.  Amendment  8  to  the  Pelagic  FMP, 

3.  Amendment  10  to  the  Crustaceans  FMP,  and 

4.  Amendment  4  to  the  Precious  Corals  FMP. 

The  Navy  met  with  NMFS  to  discuss  whether  and  how  the  proposed  project  could  affect  the  EFHs 
and  HAPCs  designated  in  these  FMPs.  NMFS  expressed  concern  only  on  the  HAPC  for  bottomfish, 
mainly  in  the  vicinity  of  the  proposed  diffuser  segment. 

After  considering  results  of  direct  underwater  observations,  reviewing  the  available  geotechnical 
data,  and  viewing  underwater  videotapes  of  the  proposed  outfall  alignment,  NMFS  stated  in  a 
letter  to  the  Navy  dated  November  1 9,  1 999,  that: 

The  proposed  project  design  includes  adequate  measures  to  insure  minimal  impacts  to 
EFH  for  species  managed  under  these  FMPs.  These  measures  include  minimizing  impacts 
from  open  trench  areas  by  avoiding  live  coral  habitat,  the  use  of  microtunneling  to  further 
avoid  impacts  to  habitat,  the  use  of  pile  supports  for  the  distal  portion  (diffuser  section) 
of  the  outfall  alignment.  Based  on  the  information  obtained  during  reconnaissance  dives 
at  the  diffuser  site,  it  appears  unlikely  that  the  installation  of  the  diffuser  will  adversely 
impact  the  HAPC  for  bottomfish. 

An  additional  EFH  assessment  may  be  required  once  the  final  Environmental  Impact 
Statement  is  completed  and  the  preferred  alignment  is  selected.  This  assessment  should 
be  prepared  by  the  Corps  of  Engineers  during  the  Department  of  the  Army  permit  process. 

At  that  time,  further  EFH  Conservation  Recommendations  may  be  necessary. 

Correspondence  pertinent  to  the  EFH  consultation  is  provided  in  Appendix  ll-m. 

4.6.2.4  Wetlands 

The  Hickam  Wetland  Management  Area  is  located  on  the  Hickam  AFB  shoreline  between  Hickam 
Harbor  and  the  Fort  Kamehameha  housing.  This  area  is  home  to  obligate  wetland  vegetation,  such 
as  red  mangrove  trees  (Rhizophora  mangle)  and  pickleweed  (Batis  maritima).  The  same  vegetation 
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is  also  found  lining  the  banks  of  the  drainage  channels  along  the  northern  and  southeastern 
boundaries  of  the  WWTP. 

4.6.3  Construction  Impacts  and  Mitigation 

4.6.3.1  Replacement  Outfall  (Proposed  Action) 

Construction  on  the  reef  flats  would  temporarily  displace  the  birds  and  marine  life  that  inhabit, 
transit,  or  visit  the  area.  Given  the  relatively  low  abundance  and  poor  diversity  noted  and  the 
availability  of  similar  undisturbed  habitat  nearby,  the  degree  of  impacts  to  protected  birds  and 
aquatic  life  would  be  minimal.  Mitigation  will  include  cleaning  up  debris  in  the  construction  areas 
and  restoring  the  disturbed  area  to  match  existing  environmental  conditions,  to  the  extent  feasible. 

Green  sea  turtles  would  not  be  impacted  significantly  by  normal  construction  activities  associated 
with  the  proposed  action.  It  is  estimated  that  construction  will  be  accomplished  in  work 
increments  of  approximately  150-m  (500-ft)  sections,  which  should  allow  sea  turtles  to  forage  and 
rest  at  will.  In  addition,  turtles  in  the  construction  area  would  not  be  at  direct  risk  from  slow 
moving  construction  vessels. 

Because  green  sea  turtles  and  other  listed  species  could  conceivably  enter  the  project  site,  the 
Navy  will  implement  procedures  to  eliminate  or  minimize  adverse  impacts  to  threatened  and 
endangered  species  during  all  activities  associated  with  outfall  construction.  If  a  listed  species  is 
observed  entering  an  active  construction  site,  construction  activities  will  cease  and  resume  only 
after  the  animal  voluntarily  departs  from  the  active  construction  site.  The  Pacific  Islands  Area 
Office  Protected  Species  Program  will  be  notified  of  each  such  incidence. 

Federal  policy  for  coral  reef  protection,  as  implemented  by  the  Chief  of  Naval  Operations'  coral 
reef  protection  pol  icy,’®  requires  that  proper  consideration  be  given  to  coral  reef  protection  during 
environmental  review  of  Department  of  the  Navy  actions.  Of  the  outfall  replacement  effluent 
disposal  options  evaluated,  the  preferred  alignment  and  construction  methodology  results  in  the 
least  impacts  on  living  coral.  Based  on  the  analysis  summarized  in  Section  4.4.4,  up  to  65  m^ 
(700  ft^)  of  coral  could  be  affected  in  the  area  of  the  proposed  intermediate  jacking/receiving  pit 
and  barge  access  channel.  From  65  to  162  m^  (700  to  1,750  ft^)  of  coral  could  be  affected  by 
construction  on  the  offshore  rubble  slope.  The  use  of  the  jacking  pit  enables  microtunneling  to  be 
employed  during  construction,  which  avoids  surface  disturbance  in  the  shallow  to  intermediate 
depth  zone  of  the  reef  for  a  distance  of  about  850  m  (2,800  ft).  Most  of  the  coral  within  the  project 
area  is  in  this  zone.  Microtunneling  effectively  eliminates  impacting  corals  in  this  area.  Coral 
development  in  the  off-shore  rubble  zone  is  extremely  sparse.  Overall,  the  aggregate  coral 
coverage  impacted  by  the  outfall  along  its  entire  length  is  less  than  0.2  percent,  or  less  than  one 
fifth  of  one  percent  of  the  construction  corridor. 

The  proposed  outfall  alignment  has  been  designed  to  minimize  damage  to  coral  by  avoiding 
construction  in  areas  of  substantial  coral  growth.  On  the  reef  flat,  turbidity  will  be  contained 
within  the  construction  corridor  by  the  use  of  silt  curtains.  For  the  miaotunneling  portion  of  the 
alignment,  turbidity  will  only  be  generated  during  excavation  and  backfill  of  the  jacking  and 
receiving  pits.  Silt  curtains  will  be  used  to  contain  turbidity  at  these  locations. 

In  the  Pearl  Harbor  Entrance  Channel,  water  depths  are  such  that  silt  curtains  would  be  ineffective 
for  that  portion  of  the  alignment.  Modeled  distribution  of  turbidity  indicates  that  areas  with  coral 

^®Depattnfient  of  the  Navy  letter  number  5090,  ser  N45 D/80589 139,  dated  December  4, 1998,  from  Chief  of  Naval  Operations 
regarding  Coral  Reef  Protection  Policy. 
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colonies  would  be  within  the  turbidity  plume  along  this  portion  of  the  alignment.  Significant 
impacts  would  occur  to  corals  if  prolonged  turbidity  caused  mortality  to  symbiotic  photosynthetic 
algae,  or  if  smothering  of  the  coral  organism  occurred  from  resulting  sedimentation.  Because  the 
materials  to  be  excavated  along  the  alignment  are  primarily  of  sand  size  and  larger  and  settle 
quickly,  burial  of  coral  heads  outside  of  the  construction  corridor  is  not  anticipated.  Strong 
currents  and  waves  are  common  in  the  project  area  and  will  tend  to  sweep  debris  off  of  the  corals. 
Construction  will  be  limited  to  a  specific  reach  of  a  few  hundred  meters  at  a  time  in  which  actual 
excavation  will  be  of  short  duration;  hence,  the  period  in  which  any  area  of  coral  would  be 
exposed  to  turbidity  is  also  short.  Therefore,  a  prolonged  reduction  in  water  clarity  is  not  expected, 
and  living  corals  will  not  be  significantly  affected. 

In  general,  the  impact  of  turbidity  and  sedimentation  upon  living  corals  in  the  vicinity  of  the 
construction  activities  will  be  minimized  by  the  proposed  alignment  and  the  use  of  silt  curtains 
on  the  reef  flat.  In  the  deeper  portions  of  the  alignment  located  in  Open  Coastal  Waters, 
circulation  from  natural  currents  are  expected  to  prevent  construction  turbidity  and  sedimentation 
from  significantly  impacting  adjacent  living  corals.  Appendix  VII  provides  a  discussion  of 
construction  impacts  to  corals  based  upon  past  experience  in  Hawaii. 

The  potential  impact  upon  living  corals  caused  by  barge  mooring  lines  during  construction  in  the 
Pearl  Harbor  Entrance  Channel  will  be  mitigated  by  requiring  the  construction  contractor  to 
propose  a  mooring  system  that  will  not  damage  living  corals  on  the  reef  flat,  and  to  receive  Navy 
approval  of  the  plan  with  respect  to  coral  protection  prior  to  construction. 

Additional  construction  mitigation  measures  include: 

•  The  preferred  alternative  has  been  designed  to  minimize  impacts  to  corals  and  the  coral  reef 
ecosystem  by  avoiding  construction  in  areas  of  substantial  coral  development. 

•  Mitigation  during  construction  will  include  the  use  of  silt  curtains  in  all  areas  of  excavation  on 
the  reef.  All  construction  equipment  will  be  inspected,  cleaned,  and  maintained  daily  to 
prevent  hydraulic  fluid,  grease,  and  oil  from  being  released  into  the  water.  Refueling  of  land 
based  vehicles  will  only  be  performed  on  shore.  All  petroleum,  oil,  and  lubricant  products 
will  be  stored  and  dispensed  in  areas  that  do  not  risk  release  into  the  water  should  an 
accidental  discharge  occur.  Appropriate  secondary  containment  will  be  provided  for 
petroleum  products  and  any  potentially  harmful  hazardous  substances.  The  contractor  will  be 
required  to  develop  an  emergency  response  plan  for  containing  the  release  of  petroleum 
products  and  to  maintain  adequate  response  equipment  on  hand  to  meet  the  most  likely  worst 
case  spill  scenario. 

•  No  staging  of  excavated  material  ashore  will  be  allowed  except  at  the  designated  site  adjacent 
to  the  WWTP.  Drilling  mud  (bentonite  clay  slurry,  a  non-hazardous  natural  product)  will  be 
separated  from  the  excavated  material  for  reuse,  prior  to  disposal. 

Executive  Order  1 31 86,  Responsibilities  of  Federal  Agencies  to  Protect  Migratory  Birds,  requires 
federal  agencies  taking  actions  that  have,  or  are  likely  to  have,  a  measurable  negative  effect  on 
migratory  bird  populations  to  develop  and  implement  a  Memorandum  of  Understanding  with  the 
USFWS  that  promotes  the  conservation  of  migratory  bird  populations.  Construction  activities  for 
the  proposed  action  have  the  potential  to  impact  migratory  birds  that  frequent  the  project  area.  The 
outfall  alignment  has  been  designed  to  avoid  areas  where  migratory  birds  are  known  to  rest  and 
forage.  Thus,  construction  activities  are  not  expected  to  have  a  measurable  negative  effect  on 
migratory  bird  populations. 
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Executive  Order  11990,  Protection  of  Wetlands,  directs  federal  agencies  to  avoid  long-term  and 
short-term  adverse  impacts  associated  with  the  destruction  or  modification  of  wetlands,  and  to 
avoid  direct  or  indirect  support  of  new  construction  in  wetlands.  Construction  activities  have  the 
potential  to  damage  wetland  areas.  Construction  staging  areas  (see  Figure  2.2-5)  have  been 
delineated  to  avoid  areas  designated  as  jurisdictional  wetlands.^®  Construction  staging  activities 
will  have  no  significant  impact  upon  protected  species. 

4.6.3.2  Underground  Injection 

The  areas  proposed  for  the  underground  injection  alternative  were  not  studied  in  terms  of  flora 
and  fauna  for  this  project.  However,  floral  and  faunal  surveys  were  conducted  in  1992  for  the 
Expansion  of  the  Wastewater  Treatment  Plant  at  Fort  Kamehameha  Environmental  Assessment.^' 
These  surveys,  performed  in  the  vicinity  of  the  site  proposed  for  the  underground  injection 
alternative,  did  not  identify  any  species  listed  as  threatened  or  endangered.  Since  the  terrain,  soil 
conditions,  and  vegetation  appear  to  be  similar  at  both  locations,  it  is  highly  unlikely  that  any 
listed  species  would  be  found  in  the  areas  proposed  for  the  underground  injection  alternative. 

For  consistency  with  Executive  Order  13186,  Responsibilities  of  Federal  Agencies  to  Protect 
Migratory  Birds,  federal  agencies  taking  actions  that  have,  or  are  likely  to  have,  a  measurable 
negative  effect  on  migratory  bird  populations  must  develop  and  implement  a  Memorandum  of 
Understanding  with  the  USFWS  that  promotes  the  conservation  of  migratory  bird  populations. 
Because  it  is  not  known  if  the  areas  proposed  for  construction  of  the  underground  injection 
alternative  serve  as  migratory  bird  habitat,  an  additional  survey  would  be  required  to  determine 
if  migratory  bird  habitat  would  be  impacted  by  this  alternative. 

Much  of  the  area  proposed  for  the  injection  well  field  (see  Figure  2.3-1)  is  a  jurisdictional  wetland 
(see  Figure  3.5-1 ).  A  portion  of  this  wetland  area  (estimated  to  be  approximately  20  percent)  would 
be  regraded  and  would  no  longer  be  wetland  due  to  construction  of  this  alternative.  For 
consistency  with  Executive  Order  11990,  Protection  of  Wetlands,  special  effort  during  design  and 
construction  will  be  needed  to  address  potentially  adverse  impacts  on  the  wetlands.  The  impacts 
will  be  associated  with  grubbing  and  grading  activities  for  construction  of  access  roads  and 
injection  wells.  In  addition  to  loss  of  wetland  area,  construction  could  alter  the  wetland  hydrology, 
resulting  in  irreversible  changes  to  the  wetland  biota.  A  Department  of  the  Army  permit  will  be 
required  for  work  in  the  wetlands. 

If  the  injection  wells  eventually  deteriorate  to  the  extent  that  additional  injection  wells  are  needed, 
possible  injection  well  field  site(s)  would  need  to  be  surveyed  to  determine  the  potential  for 
protected  species  or  habitats  to  be  adversely  impacted.  The  results  of  such  surveys  may  be  a 
determining  factor  in  site  selection  for  additional  injection  wells. 

4.6.3.3  No  Action 

No  significant  impacts  to  protected  species  or  designated  critical  habitats  are  anticipated  as  a  result 
of  construction  of  this  alternative,  since  no  construction  activities  are  proposed. 


“Air  Force  Center  for  Environmental  Excellence  Oune  1997)  Final  Integrated  Natural  Resources  Management  Plan  for  Hickam 
AFB,  Oahu;  Bellows  AFS,  Oahu;  Hickam  POL  Pipeline,  Oahu;  Kaala  AFS,  Oahu;  Kaena  Point  STS,  Oahu;  Kokee  AFS,  Kauai;  and 
Palehua  Solar  Observatory,  Oahu  (15th  Air  Base  Wind  Installations). 

Collins  &  Associates  (August  1992). 
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4.6.4  Operational  Impacts  and  Mitigation 

4.6.4.1  Replacement  Outfall  (Proposed  Action) 

Green  sea  turtles  may  shelter  at  the  new  diffuser  site,  which  would  result  in  an  increased  number 
of  turtles  at  that  location.  This  would  not  be  an  adverse  impact,  so  no  mitigation  would  be 
required.  No  significant  impacts  to  other  listed  species  or  coral  reef  ecosystems  are  anticipated  to 
result  from  operation  of  the  proposed  outfall . 

As  stated  in  Section  4.6.2.2,  informal  Section  7  consultations  with  the  USFWS  and  NMFS  were 
completed  in  1997  and  both  agencies  concurred  that  the  construction  and  operation  of  the 
proposed  outfall  are  not  likely  to  affect  listed  species  or  designated  critical  habitat  (see 
Appendix  ll-m).  Since  plans  for  the  operations  of  the  proposed  outfall  have  not  changed  since  the 
initial  informal  Section  7  consultations  with  USFWS  and  NMFS,  the  concurrence  of  these  two 
agencies  with  the  determination  that  the  proposed  action  is  not  likely  to  affect  listed  species  or 
designated  critical  habitat  is  still  applicable  to  the  operations  of  the  proposed  outfall. 

4.6.4.2  Underground  Injection 

Operation  of  the  conceptualized  underground  injection  system  would  not  impact  protected 
terrestrial  species.  The  information  required  to  determine  if  this  alternative  would  impact  marine 
biota  or  other  species  living  in  the  coastal  environment,  and  the  extent  of  such  an  impact  is 
presently  unavailable.  This  lack  of  information  prevents  a  more  meaningful  assessment  of  risks  to 
protected  species.  The  extensive  testing  that  would  be  required  to  evaluate  potential  impacts  on 
the  aquatic  environment  would  be  prohibitively  expensive. 

It  is  possible  that  the  operation  of  the  injection  wells  may  affect  protected  species  living  in  the 
coastal  environment  by  discharging  through  the  caprock  aquifer  into  the  ocean.  Existing 
information  regarding  the  specific  geologic  and  hydrologic  characteristics  of  the  proposed 
injection  area  is  insufficient  to  determine  where  and  at  what  concentration  the  injected  effluent 
would  enter  the  ocean  and  whether  impacts  on  marine  biota  would  result.  As  indicated  in 
Section  4.4,  the  hydraulic  properties  of  the  caprock  aquifer  on  the  east  side  of  the  Pearl  Harbor 
Entrance  Channel  are  extremely  variable  and  poorly  defined.  Because  the  concentration  and 
location  at  which  the  injected  effluent  would  enter  the  ocean  is  unknown,  the  potentially 
significant  impact  of  this  alternative  upon  the  habitat  of  protected  species  cannot  be  determined. 
This  potentially  significant  impact  would  be  an  inherent  risk  of  implementing  this  alternative. 

4.6.4.3  No  Action 

Although  the  no-action  alternative  is  not  expected  to  impact  terrestrial  wildlife  or  wetland  areas, 
there  is  the  potential  for  operations  to  impact  marine  biota  if  wastewater  flows  inaease  in  the 
future.  Inaeased  flows  could  potentially  cause  inaeased  nutrient  and/or  pollutant  loadings  to  the 
estuary,  which  may  have  detrimental  effects  on  living  coral  and  other  protected  marine  biota  in 
the  vicinity  of  the  existing  outfall. 
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4.6.5  Cumulative  Impacts 

4.6.5. 1  Replacement  Outfall  (Proposed  Action) 

No  significant  cumulative  impacts  to  listed  species  or  coral  are  anticipated  as  a  result  of  the 
proposed  action. 

4.6.5.2  Underground  Injection 

There  is  a  potential  for  injected  effluent  to  enter  nearshore  waters  and  to  have  a  cumulative  impact 
with  surface  runoff  on  protected  species  living  in  the  coastal  environment.  However,  if  the  treated 
effluent  from  the  injection  wells  were  to  enter  Open  Coastal  Waters,  the  cumulative  impact  of  the 
HWWTP  and  SIWWTP  outfalls  and  the  injected  effluent  would  probably  be  limited  by  the  large 
dilution  available  in  Open  Coastal  Waters. 

4.6.5.3  No  Action 

As  stated  in  Section  4.6.4. 3,  future  inaeased  flows  to  the  WWTP  could  potentially  cause  increased 
nutrienl/pollutant  loadings  to  the  estuary.  These  increased  loadings  along  with  runoff  from 
nonpoint  sources  could  potentially  have  a  significant  cumulative  impact  on  living  coral  and  other 
protected  marine  biota  in  the  estuary. 

4.7  Cultural  Resources 

4.7.1  Background 

Although  most  of  the  outfall  construction  will  occur  on  submerged  lands  in  the  Pearl  Harbor 
Entrance  Channel,  some  relevant  information  was  obtained  from  archaeological  investigations, 
which  were  conducted  as  part  of  the  1992  EA  for  expansion  of  the  WWTP  at  Fort  Kamehameha. 
These  references  are  listed  below. 

•  Kanalei  Shun  and  Allan  Shilz,  Preliminary  Report,  Surface  and  Sub-Surface  Archaeological 
Survey  of  Construction  Areas  at  Wastewater  Treatment  Plant  at  Fort  Kamehameha,  Oahu 
Hawaii,  March  1991 .  This  study  investigated  surface  and  subsurface  archaeological  remains 
within  the  family  housing  area  of  Fort  Kamehameha. 

•  Conrad  Erkelensand  J.  Stephen  Athens,  Archaeological  Review  and  Recommendations  for  the 
Fort  Kamehameha  Sewage  Treatment  Plant  Expansion  and  Housing  Relocation  Plans, 
March  1992.  This  study  examined  and  documented  the  archaeological  structures,  cultural 
artifacts,  burial  remains,  and  historical  background  of  the  Fort  Kamehameha  project  area. 

•  Ogden  Environmental  and  Energy  Services,  Phase  I  Archaeological  Subsurface  Testing  and 
Data  Recovery  at  Fort  Kamehameha  Wastewater  Treatment  Plant,  April  1996.  This  study 
examined  cultural  features,  fishpond  remnants,  and  historical  land  uses  of  the  WWTP  site. 

•  Ogden  Environmental  and  Energy  Services,  Phase  II  Archaeological  Subsurface  Testing  and 
Data  Recovery,  Wastewater  Treatment  Plant  at  Fort  Kamehameha,  Pearl  Harbor,  Oahu, 
Hawai'i,  July  1997  (Prefinal  Report).  This  report  presents  the  findings  of  testing  and  data 
recovery  at  various  locations  in  the  housing  area  and  a  parcel  east  of  Kamehameha  Pier. 


Final  Environmental  Impact  Statement 

Outfall  Replacement  for  WWTP  at  Fort  Kamehameha 


Analysis  of  Impacts  and  Mitigation 
March  2001 


•  Ogden  Environmental  and  Energy  Services,  Phase  III  Archaeological  Monitoring  and 
Emergency  Data  Recovery  at  Fort  Kamehameha  Wastewater  Treatment  Plant,  Pearl  Harbor, 
Oahu,  Hawai'i,  July  1997  (Prefinal  Report).  This  study  is  a  continuation  of  archaeological 
investigations  in  support  of  construction  activities  for  the  expansion  project.  Archaeological 
monitoring,  testing,  data  recovery,  and  removal  of  burials  were  carried  out. 

4.7.2  Significance  Factors 

The  factors  considered  in  determining  a  significant  impact  to  cultural  resources  include: 

•  The  extent  or  degree  to  which  the  implementation  of  an  alternative  would  result  in  a 
substantial  and  adverse  change  in  the  characteristics  that  qualify  the  cultural  resource  for 
listing  in  the  National  Register,  and 

•  The  adequacy  of  measures  to  avoid,  minimize,  or  mitigate  the  impacts. 

4.7.3  Relevant  Environmental  Conditions 

According  to  the  1992  Erkelens  and  Athens  survey,  traditional  Hawaiian  use  of  the  Fort 
Kamehameha  area  is  not  well  documented  in  the  historical  literature  and  archival  sources. 
However,  its  location  at  the  mouth  of  Pearl  Harbor  suggests  it  likely  would  have  been  of  some 
importance.  Fort  Kamehameha  is  within  the  traditional  land  unit  (ahupua  'a)  of  Halawa.  Legendary 
accounts  pertaining  to  this  area  are  documented  in  various  sources,  but  they  provide  no  additional 
factual  data  regarding  the  prehistoric  settlement. 

Archaeological  investigations  for  the  WWTP  expansion  project  have  recovered  subsurface  cultural 
remains  indicating  prehistoric  and  historic  use  and  occupation  of  the  Fort  Kamehameha  area.  The 
earliest  use,  which  has  been  radiocarbon  dated  to  A.D.  1200-1550,  appears  to  be  temporary 
habitation  as  evidenced  by  midden  pits  and  one  burial  feature.  The  late  prehistoric  to  historic 
period  use  is  indicated  by  human  and  animal  burial  features  and  by  trash  pits  containing 
nineteenth-century  artifacts.  Evidence  of  U.S.  military  use  during  the  early  twentieth  century 
includes  roadbeds,  remains  of  wooden  and  conaete  structures,  and  trash  pits  containing  ceramics, 
bottles,  and  metal. 

A  Bishop  Museum  report  desaibes  the  Pearl  Harbor  Entrance  Channel  as  the  gateway  of  the 
Halawa  ahupua  ‘a.^’  A  fish  trap  or  weir  may  have  been  located  at  Bishop  Point  in  the  Pearl  Harbor 
Entrance  Channel,  approximately  650  m  (2,100  ft)  northwest  of  the  WWTP.  The  weir  was  used 
by  early  Hawaiians  to  catch  deepwater  fish  entering  the  harbor.  Weirs  were  unique  in  Hawaii. 
Single  stone  lanes  (pa)  guided  fish  into  waiting  nets  and  were  oriented  to  catch  fish  according  to 
either  the  inflow  or  outflow  of  the  tides.  The  Halawa  pa  were  eventual  ly  removed  to  build  a  small 
pier.  No  remnants  of  the  pa  have  been  found.  Some  of  the  other  Pearl  Harbor  weirs  were 
associated  with  ko'a  (fish  shrines);  religion  and  fish  production  were  often  closely  associated  with 
fish  weirs.  However,  no  evidence  exists  that  the  pa  located  near  Fort  Kamehameha  had  a  fish 
shrine. 

The  entire  Pearl  Harbor  basin  is  a  National  Historic  Landmark.  Any  artifact  or  relic  that  is  related 
to  the  December  7, 1 941 ,  Japanese  attack  would  qualify  as  having  potential  historic  significance. 
The  only  relic  near  the  project  locale  that  would  qualify  under  this  aiterion  is  a  possible  Japanese 
midget  submarine,  sunk  in  the  Pearl  Harbor  channel.  According  to  a  report  prepared  by  the 


^'P.  Christian  Klieger  (1 995)  Na  Maka  o  HSiawa,  A  History  ofHSiawa  Ahupua'a,  Oahu. 


4-62 


Final  Environmental  Impact  Statement 

Outfall  Replacement  for  WWTP  at  Fort  Kamehameha 


Analysis  of  Impacts  and  Mitigation 
March  2001 


National  Park  Service,  an  underwater  sonar  search  indicated  the  presence  of  a  Japanese  Kohyoteki 
submarine  in  approximately  275  m  (900  ft)  of  water,  outside  the  harbor  mouth.^^  (The  submarine 
is  located  near  the  western  section  of  the  channel  wall  and  approximately  4.2  km  [2.6  mi]  seaward 
from  the  project  site.) 

4.7.4  Construction  Impacts 

4.7.4.1  Replacement  Outfall  (Proposed  Action) 

It  is  unlikely  that  excavation  of  the  underwater  portion  of  the  site  would  affect  any  cultural 
resources.  To  date,  no  Hawaiian  archaeological  artifacts  or  structures  have  been  found  there.  It 
is  not  anticipated  that  any  burial  sites  will  be  found  seaward  across  the  reef  flat  due  to  the 
characteristics  of  the  seashore,  which  is  a  reef  area  with  hard  substrate.  There  has  been  no 
indication  thatthe  outfall  system  will  disturb  any  World  War  II  undersea  relics  (whether  Japanese 
mini-submarines  or  downed  aircraft).  The  proposed  outfall  alignment  does  not  cross  any  possible 
archaeological  sites;  much  of  the  route  is  in  the  previously  dredged  channel. 

Although  a  small  developed  portion  of  land  immediately  fronting  the  WWTP  will  be  excavated 
for  connection  of  the  new  outfall  to  the  existing  discharge  manifold,  this  area  has  already 
undergone  a  complete  archaeological  data  recovery  for  the  WWTP  expansion  project,  so  no 
impacts  on  cultural  resources  will  result  from  this  activity. 

It  is  highly  unlikely  thatthe  establishment  of  construction  staging  areas  designated  in  Figure  2.2-5 
would  affect  cultural  resources.  Although  most  of  the  proposed  staging  area  is  within  an  area 
designated  as  having  a  high  probability  of  finding  archaeological  resources,^^  it  is  unlikely  that 
archaeological  resources  will  be  affected  at  the  specific  areas  designated  for  staging.  The  area 
north  of  the  WWTP  at  Fort  Kamehameha  is  paved  and  will  remain  so  throughout  the  construction 
staging  process.  The  unpaved  areas  to  the  south  and  east  of  the  WWTP  were  used  for  staging  and 
dewatering  purposes  in  support  of  the  WWTP  expansion  project.  In  addition,  previous 
archaeological  testing  conducted  in  these  areas  did  not  reveal  significant  subsurface  cultural 
deposits.^"* 

4.7.4.2  Underground  Injection 

Construction  of  the  injection  well  system  would  require  excavation  at  the  individual  well  sites, 
along  the  transmission  pipeline  corridors,  and  at  the  WWTP,  as  described  in  Chapter  2.  Although 
these  excavations  would  be  located  in  developed  areas,  there  is  potential  for  cultural  resources 
to  be  encountered  given  the  shallow  nature  of  most  archaeological  deposits  previously  found  at 
Fort  Kamehameha  (within  30  cm  [12  inches]  of  the  surface). 

Prior  to  and  during  investigations  conducted  in  the  early  1 990s  for  expansion  of  the  WWTP  at  Fort 
Kamehameha,  buried  human  remains  were  inadvertentlydiscovered.  The  remains  of  several  adults 
and  a  child  were  found  during  the  excavation  for  Secondary  Clarifier  No.  4  (see  Figure  1 .7-2)  in 
1991-1992.  An  intact  prehistoric  cultural  deposit  containing  charcoal  flecking  and  numerous 
features  with  a  carbon  dating  range  of  A.D.  1493to  1814(83  percent  probability)  and  A.D.  1391 


^^Daniel  J.  Lenihan  (1989)  Submerged  Cultural  Resources  Study,  US5  Arizona  Memorial  and  Pearl  Harbor 
National  Historic  Landmark. 

^^Air  Force  Center  for  Environmental  Excellence  (june  1 997). 

^^Belt  Collins  &  Associates  (August  1992). 
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to  1638  (96  percent  probability)  was  also  found.  Thus,  there  is  also  a  high  likelihood  of 
encountering  additional  human  burials  and  cultural  deposits  in  the  area.^^ 

If  the  injection  wells  eventually  deteriorate  to  the  extent  that  additional  wells  are  needed,  possible 
injection  well  field  site(s)  would  need  to  be  surveyed  to  determine  the  potential  for  cultural 
resources  and  human  burials  to  be  adversely  impacted  by  well  field  construction  activities.  The 
results  of  such  surveys  may  be  a  determining  factor  in  site  selection  for  additional  injection  wells. 

4.7.4.3  No  Action 

No  significant  impacts  to  archaeological  or  historic  resources  are  anticipated  as  a  result  of  the  no¬ 
action  alternative  because  no  construction  activities  are  proposed. 

4.7.5  Operational  Impacts 

None  are  anticipated  from  the  proposed  action,  underground  injection,  or  no  action. 

4.7.6  Cumulative  Impacts 

None  are  anticipated  from  the  proposed  action,  underground  injection,  or  no  action. 

4.7.7  Mitigation 

The  Navy  consulted  with  the  State  Historic  Preservation  Officer  (SHPO)  in  the  Department  of  Land 
and  Natural  Resources  (DLNR)  as  it  developed  means  to  avoid,  reduce,  or  mitigate  any  potentially 
detrimental  effects.  In  a  letter  dated  January  6,  1998,  the  SHPO  concurred  with  the  Navy's 
determination  that  the  proposed  action  will  have  "no  effect"  on  significant  historic  sites.^^’ 

If  archaeological  objects  or  human  remains  are  encountered  during  construction  of  the  outfall, 
work  will  be  stopped.  The  Navy  archaeologist,  SHPO,  Office  of  Hawaiian  Affairs,  Hui  Malama 
I  Na  Kupuna  O  Hawaii  Nei,  and  Oahu  Island  Burial  Council  will  be  immediately  notified.  Human 
remains  will  be  treated  in  compliance  with  NAGPRA. 

For  the  underground  injection  alternative,  some  construction  excavation  would  occur  in  areas 
where  archaeological  testing  and  recovery  has  not  occurred  and  where  archaeological  resources 
may  be  present.  If  remains  or  artifacts  are  discovered  during  construction  of  the  underground 
injection  alternative,  the  mitigation  measures  mentioned  above  would  be  followed. 

No  impacts  to  cultural  resources  are  anticipated  as  a  result  of  the  no-action  alternative;  therefore, 
no  mitigation  is  required. 

4.8  Public  Health  and  Safety 

This  section  addresses  two  distinct  public  health  and  safety  issues  associated  with  the  proposed 
action  and  the  underground  injection  and  no-action  alternatvies: 

(1)  The  potential  for  ordnance  items  to  be  present  along  the  construction  corridor,  and 

(2)  Potential  presence  of  pathogens  or  toxins  in  reaeational  waters. 


Collins  &  Associates  (August  1992). 
^^See  Appendix  ll*m. 


4-64 


Final  Environmental  Impact  Statement 

Outfall  Replacement  for  WWTP  at  Fort  Kamehameha 


Analysis  of  Impacts  and  Mitigation 
March  2001 


Dangers  from  ordnance  items  are  related  only  to  outfall  construction  activities,  while  concern  over 
the  presence  of  pathogens  or  toxins  in  recreational  waters  is  related  only  to  the  operations  of  the 
proposed  action  and  the  underground  injection  and  no-action  alternatives.  Common  safety 
concerns  associated  with  all  construction  sites  will  be  mitigated  by  routine  access  restrictions  and 
are  not  addressed  in  detail. 

For  the  underground  injection  alternative,  no  hazards  from  ordnance  items  are  anticipated.  Long¬ 
term  impacts  of  operations  may  include  elevated  levels  of  nutrients  and  turbidity  in  the 
groundwater  aquifer  at  the  injection  points.  This  impact  would  not  be  significant,  because  the 
injection  wells  would  be  located  seaward  of  the  DOH's  underground  injection  control  line  and 
thus  would  not  affect  any  aquifer  used  for  supply  of  potable  water. 

It  is  not  possible  to  determine  conclusively  if  effluent  injection  wells  would  result  in  any  public 
health  impacts  because  information  regarding  the  location  at  which  the  injected  effluent  would 
eventually  reach  the  ocean  is  presently  unavailable  (see  Section  4A.5.2).  The  overall  costs  of 
obtaining  such  information,  which  would  involve  the  installation  of  test  wells  and  extensive 
testing  and  analysis,  are  prohibitive.  Due  to  the  uncertainties  related  to  the  injection  of  effluent 
on  water  quality,  as  it  pertains  to  public  health  and  safety,  the  reasonably  foreseeable  impacts  of 
this  alternative  cannot  be  evaluated. 

The  no-action  alternative  has  the  potential  to  impact  water  quality  in  the  estuary,  if  the  influent 
flow  to  the  WWTP  were  to  increase.  Based  on  existing  evidence,  this  would  not  be  expected  to 
affect  public  health  and  safety  from  potential  pathogen  or  toxin  exposure. 

This  section  concludes  that  the  proposed  replacement  outfall  discharge  will  not  pose  a  long-term 
public  health  threat.  As  noted  in  Sections  4.8.2  and  4.8.4,  the  pathogen  toxicity  levels  of  the 
treated  effluent  will  not  present  public  health  hazards  or  accumulate  in  the  environment.  No 
cumulative  impacts  upon  public  health  are  anticipated  from  the  proposed  outfall. 

4.8.1  Significance  Factors 

4.8.1 .1  Construction 

For  construction  workers,  the  significance  factor  is  the  presence  of  construction  activities  in  areas 
which  may  contain  ordnance  items. 

4.8.1. 2  Operations 

Factors  considered  in  determining  a  significant  impact  on  public  health  and  safety  during 
operations  include  the  extent  or  degree  to  which  the  implementation  of  an  alternative  would: 

•  Affect  the  number  of  recreational  users  exposed, 

•  Affect  water  quality  of  recreational  waters, 

•  Affect  whole  effluent  toxicity, 

•  Affect  outfall  plume  visitation  frequency,  and 

•  Affect  the  accumulation  of  toxic  chemicals  in  the  environment. 
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Number  of  Recreational  Users 

For  operations,  the  number  of  recreational  users  affected  by  the  discharge  is  used  as  one  of  the 
factors  to  assess  impact  significance. 

Water  Quality  Standards  for  Recreational  Waters 

HAR  Chapter  1 1-54-08  specifies  the  following  standard  for  reaeational  waters: 

Within  300  meters  (1,000  ft)  of  the  shoreline,  including  natural  public  bathing  or 
wading  areas,  enterococci  content  shall  not  exceed  a  geometric  mean  of  seven  per 
one  hundred  milliliters  (100  ml)  (0.211  pints)  in  not  less  than  five  samples 
collected  over  an  equally  spaced  thirty  day  period. 

Enterococci  indicate  the  presence  of  disease-causing  pathogens  from  human  fecal  matter.  The 
WWTP  staff  monitor  the  enterococci  content  of  the  secondary  effluent.  The  discharge  permit 
requires  the  monthly  geometric  mean  to  not  exceed  133  colony  forming  unit  (cfu)  per  100  ml 
(0.21 1  pints).  The  impact  will  be  analyzed  by  comparing  the  monitoring  results  to  the  above 
standard. 

Whole  Effluent  Toxicity 

Whole  effluent  toxicity  reflects  the  aggregate  toxic  effect  of  an  effluent  measured  directly  by  a 
toxicity  test.^^  The  WWTP  at  Fort  Kamehameha  uses  two  species  for  such  tests:  Tilapia 
mossambica  (1-  to  30-day-old  fish)  and  Penaeus  vannamei  (0-  to  14-day  postlarval-stage  shrimp). 
These  tests  are  conducted  for  a  period  of  96  hours.  The  survival  rate,  as  a  percentage  of  the 
number  of  organisms  tested  in  whole  effluent  (i.e.,  100  percent  effluent),  is  monitored.  The  rate 
of  survival  reflects  the  toxicity  of  the  effluent:  the  higher  the  survival  rate,  the  lower  the  toxicity. 
Under  the  existing  permit  the  effluent  limitation  is  set  at  80  percent  survival  rate  for  the  whole 
effluent. 

Accumulation  of  Toxic  Chemicals  in  the  Environment 

Toxic  materials  released  to  the  environment  in  low  concentrations  may  accumulate  in  soils  or 
tissues  of  organisms,  thereby  presenting  routes  of  exposure  to  elevated  levels  of  these  materials. 
The  presence  of  these  conditions  at  the  existing  outfall  would  indicate  the  degree  of  such  exposure 
potential. 

The  concentrations  of  various  toxic  chemicals,  such  as  metals,  total  cyanide,  chlorinated 
pesticides,  and  polychlorinated  biphenyls  (PCBs),  in  sediment  and  fish  samples  were  compared 
to  background  levels  in  Pearl  Harbor  sediments  and  in  fish  collected  from  control  locations  to 
further  assess  the  potential  impact  of  toxic  constituents. 

Effluent  Chemistry 

HAR  Chapter  1 1-54-04  specifies  that  continuous  discharges  through  submerged  outfalls  shall  not 
contain: 


'Mo  CFR,  Part  122.2. 
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"...pollutants  in  24-hour  average  concentrations  greater  than  the  values  obtained  by 
multiplying  the  minimum  dilution  by  the  standards  in  paragraph  (3),  above,  for  the 
prevention  of  chronic  toxicity. " 

For  chemicals  listed  in  HAR  11-54-04  that  have  no  established  standard,  the  limits  listed  in  the 
National  Oceanic  and  Atmospheric  Administration  (NOAA)  Screening  Guidelines  can  be  used  to 
provide  some  idea  of  chronic  toxicity. 

Using  a  minimiim  dilution  factor  of  1,200:1,  which  is  the  dilution  factor  at  the  estimated  ZOM 
boundary,  effluent  regulatory  limits  can  be  calculated.  Laboratory  results  for  24-hour  samples  can 
then  be  compared  to  the  calculated  regulatory  limits  to  determine  if  the  effluent  will  significantly 
impact  the  receiving  environment. 

Plume  Visitation  Frequency 

Long-term  health  impacts  of  the  plume  for  the  proposed  action  were  also  examined  by  using  the 
outfall  plume  visitation  frequency,  which  is  the  possibility  of  the  outfall  plume  surfacing  at  a 
particular  location.  As  discussed  in  Appendix  XI,  the  outfall  plume  transport  pattern  varies  with 
the  season:  westward  transport  is  more  pronounced  in  summer;  eastward  transport  with  increased 
diffusion  and  variation  predominates  in  winter.  Plume  surfacing  is  more  frequent  during  winter 
than  during  summer  (see  Table  2.2-1). 

4.8.2  Relevant  Environmental  Conditions 

4.8.2.1  Construction 

Ordnance  items  have  been  observed  in  and  removed  from  the  vicinity  of  the  proposed  outfall 
alignment.  Based  on  observations  from  various  dives,  there  are  no  known  ordnance  items  within 
the  established  construction  corridor. 

4.8.2.2  Operations 

Number  of  Recreational  Users 

Ocean  activities  in  the  outfall  vicinity  include  reef  walking,  fishing,  scuba  diving,  shell  collecting, 
swimming,  snorkeling,  boating,  and  thrill  aaft  riding.  Offshore  ocean  activities  are  concentrated 
on  the  reef  flat  or  slope.  Because  the  area  is  within  the  Naval  Defensive  Sea  Area,  its  users  are 
mainly  military  personnel.  Although  the  reef  flat  is  one  of  the  most  heavily  used  among  the 
recreational  sites  surveyed,  it  is  not  used  as  often  as  other  offshore  reefs  in  the  region  (e.g.,  Ewa 
Beach).  This  is  probably  because  other  reefs  provide  more  recreational  opportunities  and  do  not 
have  access  restrictions. 

Water  Quality  Standards  for  Recreational  Waters 

The  enterococci  content  in  the  treated  effluent  meets  the  existing  permit  effluent  limitations 
(Table  4.8-1 ).  The  two-year  (1 995-1 996)  average  of  monthly  geometric  mean  (or  geomean)  meets 
the  effluent  limitation,  which  is  established  as  follows:^ 


^®State  of  Hawaii,  Department  of  Health  (April  2000). 
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Permit  Effluent  Limitation  =  Reaeational  Water  Quality  Standards  x  Initial  Dilution  Factor^® 

=  7  cfu/lOO  ml  {cfu/0.21 1  pints)  x  19 
=  133  cfu/lOO  ml  (cfu/0.21 1  pints) 


Table  4.8-1 

Effluent  Enterococci  Content  in  CFU/100  ml  (CFU/0.211  pints)  for  1995  and  1996^" 


Two-Year 

Monthly  Effluent 

Geottieah 

Permit  Effluent  Limitation* 

Average 

8.99 

133 

Maximum 

29.6 

133 

Minimum 

1.74 

133 

*The  enterococci  limitation  is  for  the  monthly  geometric  mean  of  weekly  sampling  and  analysis. 


Whole  Effluent  Toxicity 

The  wholeeffluenttoxicity  is  also  within  the  permit  limitations  without  dilution.  The  two-year  data 
(1995-1996)  are  summarized  in  Table  4.8-2. 


Table  4.8-2 

Toxicity  in  Percentage  of  Survival  for  1995  and  1996 


Two-Year 

Tilapia  mossambica 

Penaeus  vannamei 

Permit  Effluent 
Limitation^^* 

Average 

99 

95 

80 

Maximum 

100 

100 

- 

Minimum 

85 

89 

- 

*The  toxicity  limitation  is  for  each  individual  sample  analysis. 

Accumulation  of  Toxic  Chemicals 

An  evaluation  of  certain  potentially  toxic  chemicals  in  sediments  surrounding  the  existing  outfall 
was  conducted  using  samples  obtained  during  the  early  planning  phases  of  the  replacement 
outfall. Sediment  samples  were  obtained  from  two  locations,  one  location  immediately  adjacent 
to  the  existing  outfall  and  one  location  about  610  m  (2,000  ft)  toward  the  ocean  in  the  channel 
bottom.  Samples  from  these  two  locations  were  compared  with  each  other  and  against  background 
averages  for  Pearl  Harbor,  obtained  from  literature  of  prior  studies.  Selected  analytes  included 
arsenic  and  heavy  metals.  For  all  analytes,  the  measured  parameters  at  the  adjacent  and  distant 
sampling  locations  were  essentially  the  same,  with  no  reflection  of  logarithmic  decline  in 
deposition  as  would  be  expected  to  occur  if  the  outfall  were  the  source  of  these  contaminants. 
When  compared  with  average  values  for  the  same  constituents  throughout  the  Pearl  Harbor 
Entrance  Channel,  taken  over  a  period  of  years,  most  constituents  near  the  outfall  were  essentially 
the  same  or  lower  than  the  historic  averages,  with  only  copper  being  slightly  higher.  In  summary, 
the  physical  sampling  yielded  no  evidence  that  toxic  constituents  in  the  effluent  are  being 
deposited  in  the  ocean  environment. 

dilution  factor  is  determined  by  plume  modeling  studies. 

^®State  of  Hawaii,  Department  of  Health  (April  2000);  and  (September  14,  1990). 

^’State  of  Hawaii,  Department  of  Health  (September  14, 1990), 

^^SSFM  Engineers  Inc.  (October  1996). 
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Fish  samples  were  collected  from  the  receiving  waters  fronting  the  WWTP  and  from  offshore  of 
Ala  Moana  Park  at  similar  depths.  The  same  three  species  offish  were  collected  at  each  sampling 
location.  The  Ala  Moana  fish  samples  were  considered  the  control  samples  because  no  wastewater 
effluent  is  discharged  into  this  area.  The  fish  samples  collected  were  analyzed  for  metals, 
chlorinated  pesticides,  and  PCBs.  The  laboratory  results  are  included  in  Appendix  XIII.  When 
sample  results  for  fish  from  Pearl  Harbor  were  compared  to  the  sample  results  for  fish  collected 
from  offshore  of  Ala  Moana  Park,  results  for  pesticides,  PCBs,  total  cyanide,  and  some  metals  were 
nondetectable.  Those  metals  which  were  detected  in  the  Pearl  Harbor  samples  were  present  in 
concentrations  of  the  same  order  of  magnitude  as  the  control  samples  from  offshore  of  Ala  Moana 
Park,  with  the  exception  of  arsenic,  as  shown  in  Table  4.8-3.  Although  the  arsenic  result  obtained 
for  the  Pearl  Harbor  fish  sample.  Jar  2,  appears  much  higher  than  the  results  obtained  for  control 
samples,  arsenic  at  this  concentration  is  not  considered  a  threat  to  public  health  and  safety. 
Arsenic  is  a  naturally-occurring  trace  element,  and  concentrations  can  vary  in  the  environment  by 
more  than  the  amounts  shown  in  Table  4.8-3.^^  Arsenic  in  plants  and  animals  often  combines  with 
carbon  and  hydrogen  to  form  organic  arsenic  compounds,  which  can  build  up  in  their  tissues. 
These  organic  arsenic  compounds  are  usually  less  harmful  than  the  inorganic  forms,  and  if 
ingested  or  absorbed,  are  normally  exaeted  and  do  not  bioaccumulate  in  humans.^'* 

Table  4.8-3 

Analytical  Results  (in  mg/Kg)  for  Metals  Detected  in  September  1998  Fish  Samples 


Analyte 

Pearl  Harbor  Samples 

Control  (Ala  Moana)  Samples 

EBDH 

lilifjiM 

Mercury 

0.4 

0.04 

- 

0.14 

0.17 

Antimony 

- 

- 

2.97 

1.91 

2.35 

0.618 

Arsenic 

4.56 

- 

- 

1.34 

1.69 

Chromium 

- 

- 

- 

- 

- 

9.98 

Copper 

3.51 

- 

2.43 

1.45 

0.539 

0.745 

Nickel 

- 

- 

0.423 

- 

0.491 

Selenium 

- 

0.563 

- 

- 

0.51 

“ 

Zinc 

3.95 

7.63 

3.5 

4.34 

8.66 

3.84 

Note:  -  =  non-detectable 

mg/Kg  «  milligram  per  kilogram 

Three  different  species  offish  were  collected.  Jars  1  and  4  contained  the  same  fish  species,  as  did  Jars  2  and 
5,  and  Jars  3  and  6. 

Effluent  Chemistry 

Pursuant  to  a  comment  on  the  draft  EIS  submitted  by  the  U.S.  Environmental  Protection  Agency 
(USEPA),  two  24-hour  effluent  samples  were  analyzed  for  various  metals,  volatile  organics, 
pesticides,  and  herbicides  using  the  appropriate  USEPA  methods  in  September  1998.  The 
laboratory  reports  are  included  in  Appendix  XIII.  All  results  were  either  nondetectable  or  present 
in  concentrations  much  less  than  the  applicable  regulatory  limits. 


^^David  J.H.  Phillips  (1990)  Arsenic  in  aquatic  organisms:  a  review,  emphasizing  chemical  speciation.  Aquatic  Toxicolo^.  16, 
pp.  151-186. 

^Phillips  (1990)  and  Agency  for  Toxic  Substances  and  Disease  Registry  (April  1993)  ToxFAQs:  Arsenic  at 
http://astdrhastdr.cdc,gov:8080/tfacts2.html  (internet  web  page). 
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Two  24-hour  effluent  samples  were  deemed  sufficient  because  the  effluent  chemistry  analysis  was 
conducted  only  to  determine  the  presence  of  constituents  of  concern  to  the  USEPA  and  to  confirm 
the  findings  of  previous  analyses  (effluent  monitoring  [see  Section  4.4.3],  whole  effluent  toxicity, 
sediment  sample  analysis,  and  fish  sample  analysis).  Based  on  the  results  of  all  the  analyses 
conducted  over  time,  the  effluent  from  the  WWTP  at  Fort  Kamehameha  is  not  considered  a  hazard 
to  aquatic  life  or  to  public  health  and  safety. 

Plume  Visitation  Frequency 

Plume  modeling  for  this  project  was  performed  only  for  the  diffusers  considered  for  the 
replacement  outfall,  not  for  the  existing  outfall's  diffuser.  Thus,  no  estimate  is  made  of  plume 
visitation  frequencies  at  the  identified  recreational  sites  for  the  existing  outfall.  However,  most  of 
Ahua  Reef  and  the  Channel  "Wall,"  identified  as  sites  1  and  4  respectively  on  Figure  4.5-1,  are 
within  the  ZOM  of  the  existing  outfall  (see  Figure  4.4-1). 

4.8.3  Construction  Impacts  and  Mitigation 

4.8.3.1  Replacement  Outfall  (Proposed  Action) 

As  indicated  in  Section  4.5.7,  access  to  construction  areas  will  be  restricted  for  reasons  of  safety. 
All  workers  will  be  informed  of  the  ordnance  hazards  before  construction  activities  begin.  Several 
ordnance  items  were  observed  in  the  proposed  construction  corridor  during  reef  surveys.  A  survey 
to  locate  potential  ordnance  items  along  the  outfall  alignment  was  conducted  in  March  and  April 
1 999.  During  this  survey,  one  projectile  was  observed  in  the  channel  hard  reef  area  where  water 
depths  range  from  7.9  to  1 7.1  m  (26  to  56  ft),  and  five  projectiles  were  observed  in  the  vicinity 
of  the  diffuser  end  of  the  outfall.  Navy  EOD  personnel  removed  and  disposed  of  all  known 
ordnance  items  within  the  proposed  construction  corridor,  including  the  six  projectiles  discovered 
during  the  survey.  There  is  potential,  although  highly  unlikely,  for  additional  ordnance  items  to 
be  encountered  during  the  construction  of  the  outfall.  Therefore,  the  construction  contractor  will 
be  required  to  perform  an  independent  visual  survey  for  ordnance  prior  to  commencement  of 
work  within  the  construction  corridor  using  a  diving  unexploded  ordnance  specialist.  In  addition, 
the  contractor  will  be  required  to  scan  the  pile  driving  location  prior  to  start  of  pile  driving.  The 
spacing  between  pile  caps  may  be  adjusted  to  avoid  any  anomaly  that  may  be  detected.  If  one  or 
more  ordnance  items  are  detected  during  construction,  work  will  be  stopped  in  the  affected  area 
until  the  status  of  the  ordnance  can  be  investigated  by  EOD  personnel,  who  are  specially  trained 
to  work  with  ordnance.  If  it  is  safe  to  move  the  ordnance,  EOD  personnel  will  remove  it  from  the 
project  site  and  dispose  of  it.  However,  if  the  ordnance  cannot  be  safely  removed,  the  alignment 
of  the  outfall  will  be  adjusted  to  prevent  disturbance  and  possible  accidental  detonation  of  the 
ordnance.  If  it  becomes  apparent  during  project  execution  that  in-place  detonation  of  ordnance 
cannot  be  avoided,  the  Navy  will  reinitiate  formal  Section  7  consultation  with  NMFS  prior  to 
continuing  construction.  Based  on  these  procedures,  no  significant  impacts  are  expected. 

4.8.3.2  Underground  Injection 

Since  the  excavation  required  for  transmission  pipelines  and  additional  facilities  at  the  WWTP 
would  be  located  in  developed  areas,  it  is  unlikely  that  hazards  from  ordnance  items  would  exist 
in  such  areas.  Thus,  construction  impacts  on  public  health  and  safety  from  the  underground 
injection  alternative  are  not  anticipated. 
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4.8.3.3  No  Action 

The  no-action  alternative  does  not  involve  construction.  Therefore,  construction  impacts  on  public 
health  and  safety  are  not  expected. 

4.8.4  Operational  Impacts  and  Mitigation 

4.8.4.1  Replacement  Outfall  (Proposed  Action) 

The  long-term  discharge  of  the  treated  effluent  will  not  be  toxic  to  fish  or  other  aquatic  life  or 
create  health  hazards  for  the  area's  recreational  users.  The  existing  permit  effluent  limitations, 
which  are  met  most  of  the  time,  are  based  on  the  dilution  factor  of  19.  With  the  initial  dilution 
factor  of  the  submerged  plume  ranging  from  1 1 1 :1  to  1 ,922:1  (see  Table  2.2-1 )  for  the  proposed 
46-m  (1 50-ft)-deep  outfall,  the  potential  for  the  effluent  to  pose  any  significant  health  threat  to  the 
public,  either  through  water  contact  immediately  surrounding  the  outfall  or  through  fish 
consumption,  is  extremely  low. 

Table  4.8-4  summarizes  the  visitation  frequency  for  the  two  diffuser  options  at  eight  recreational 
sites  during  a  24-hour  tidal  cycle.  As  shown,  the  proposed  200-m  {656-ft)-long  diffuser  at  a  water 
depth  of  46  m  (150  ft)  has  slightly  lower  visitation  frequencies  at  these  sites.  The  possibility  of 
plume  surfacing  is  the  highest  at  the  seaward  end  of  the  Pearl  Harbor  Entrance  Channel  near  the 
site  of  the  diffuser.  However,  the  occurrence  of  such  a  plume  is  inconsequential  due  to  the  lack 
of  toxicity  and  low  enterococci  concentrations  in  the  effluent  and  the  rapid  dispersion  and  mixing 
near  the  diffuser.  Therefore,  no  significant  impacts  on  public  health  and  safety  will  result  from 
outfall  operations. 


Table  4.8-4 

Visitation  Frequency  of  Surfacing  Plume  (in  percentage)  at 
Representative  Recreational  Sites* 


Recreational  Sites** 

Diffuser  Length  »:200  m  (656  ft) 
Water  D^th  46  m  (ISO  ft) 

Difbiser  Length  =  400  m  (1,310  ft) 
Water  D^fh  =  21  m  (70  ft) 

Summer 

Winter 

Summer 

Winter 

Reef  Flat 

<  or  =1 

1-2 

3-5 

2-4 

Hickam  Harbor 

<  1 

1-3 

3-5 

4-8 

Dropoff 

about  1 

1-2 

4-6 

4-5 

Seconds 

1-2 

2-3 

5-7 

6-8 

Firsts 

1-2 

2-3 

5-7 

7-10 

Anchorage 

1-2 

3-5 

6-8 

11-15 

Pearl  Harbor  Channel 
Entrance 

4-10 

10-20 

12-32 

2040 

Reef  Runway  Zone  F 

1-2 

1-2 

<1 

2-4 

*  See  Appendix  XI. 

**  See  Figure  4.5-1  for  site  locations. 
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4.8.4.2  Underground  Injection 

Underground  injection  of  treated  effluent  has  the  potential  to  affect  the  water  quality  of  the  coastal 
environment  and  impact  recreational  sites.  Although  injected  effluent  would  eventually  reach  the 
ocean,  information  regarding  where  it  would  enter  the  ocean  and  at  what  concentration  is 
unavailable,  and  the  cost  of  acquiring  such  information  would  be  prohibitive  (see  Section  4.4. 5.2). 
Should  the  injected  effluent  reach  the  ocean  in  the  vicinity  of  a  recreational  site,  the  water  quality 
may  deteriorate,  but  direct  impacts  to  the  health  and  safety  of  the  those  that  frequent  the  area 
cannot  be  estimated. 

4.8.4.3  No  Action 

The  no-action  alternative  may  have  a  significant  impact  on  public  health  and  safety,  should  the 
volume  of  treated  effluent  discharged  through  the  existing  outfall  increase.  This  alternative 
involves  the  continued  use  of  the  existing  ZOM,  which  encompasses  much  of  the  estuary  fronting 
the  WWTP  including  Ahua  Reef  (see  Figure  1.2-1).  Users  of  Ahua  Reef  are  the  closest  persons 
exposed  to  the  discharge.  With  increased  discharge,  initial  dilution  and  disinfection  may  not  be 
sufficient  to  meet  reaeational  standards  on  the  reef. 

4.8.5  Cumulative  Impacts 

4.8.5.1  Replacement  Outfall  (Proposed  Action) 

No  significant  cumulative  health  and  safety  impacts  will  result  from  construction  or  operation  of 
the  proposed  outfall. 

4.8.5.2  Underground  Injection 

There  is  potential  for  cumulative  impacts  to  public  health  and  safety  if  injected  effluent  enters 
nearshore  waters  already  affected  by  pollutants  from  nonpoint  surface  runoff.  As  previously 
indicated,  the  information  required  to  determine  the  location  and  concentration  at  which  injected 
effluent  would  enter  coastal  waters  is  unavailable,  and  the  cost  of  acquiring  such  information 
would  be  prohibitive.  Thus,  it  is  not  possible  to  determine  if  the  potential  cumulative  impacts 
would  be  significant. 

4.8.5.3  No  Action 

If  the  WWTP  at  Fort  Kamehameha  were  to  receive  a  greater  influent  flow,  there  would  be  potential 
for  cumulative  impacts  to  public  health  and  safety  of  users  of  nearshore  waters  from  the  inaeased 
nutrient/pollutant  loading  from  the  WWTP  discharge  and  the  surface  runoff  from  nonpoint 
sources. 


4.9  Navigation 

Both  the  proposed  action  and  no  action  have  the  potential  to  impact  navigation.  Navigational 
impacts  may  result  from  both  construction  and  operational  phases  of  the  proposed  action,  while 
the  no-action  alternative  would  have  only  operational  impacts.  During  construction,  moored 
platforms  in  and  around  the  Pearl  Harbor  Entrance  Channel  may  interfere  with  navigation.  During 
operations,  the  pile-supported  section  of  the  proposed  outfall  and  the  existing  outfall  pipe  have 
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the  potential  to  be  damaged  by  emergency  anchoring  of  a  ship.  The  underground  injection 
alternative  is  land-based  and,  therefore,  would  not  impact  navigation. 

4.9.1  Methodology  of  Analysis 

The  construction  methodologies  and  finished  project  conditions  were  considered  for  the  proposed 
outfall.  Where  potential  constraints  to  navigation  were  identified,  those  constraints  were  defined 
in  terms  of  the  factors  and  conditions  below.  These  factors  and  conditions  were  then  discussed 
with  operational  personnel  at  Naval  Station  Pearl  Harbor,  to  determine  the  severity  of  navigational 
impairment  imposed  by  the  obstruction  and  to  identify  mitigating  measures. 

4.9.2  Significance  Factors 

Factors  considered  in  determining  a  significant  impact  on  navigation  include  the  extent  or  degree 
to  which  the  implementation  of  an  alternative  would: 

•  Obstruct  the  Pearl  Harbor  Entrance  Channel. 

•  Increase  the  potential  for  anchor  entanglement. 

The  potential  for  outfall  damage  from  a  ship's  anchor  was  evaluated  relative  to  emergency 
anchoring  data  in  the  approach  to  the  Pearl  Harbor  Entrance  Channel. 

4.9.3  Relevant  Environmental  Conditions 

The  Pearl  Harbor  Entrance  Channel  is  up  to  400  m  (1,300  ft)  wide  at  its  ocean  end  but  tapers  to 
about  300  m  (990  ft)  within  the  project  area.  The  existing  depth  of  the  entrance  channel  is 
approximately  13.7  m  (45  ft)  in  the  inner  channel,  which  is  bounded  by  military  land  on  both 
sides,  and  15  m  (50  ft)  in  the  outer  channel,  which  is  located  in  Open  Coastal  Waters.  The 
entrance  channel  is  used  by  all  vessels  in  the  Pacific  Fleet,  including  ships  homeported  at  the 
Naval  Base.  According  to  discussions  with  Naval  Station  Port  Operations,  aircraft  carriers  enter 
and  depart  the  harbor  once  or  twice  yearly.  According  to  Port  Operations  records  and 
recollections  of  Port  Operations'^  personnel,  there  are  no  known  occurrences  of  emergency 
anchoring  in  the  approach  to  the  Pearl  Harbor  Entrance  Channel  over  a  three-year  period. 

4.9.4  Construction  Impacts 

4.9.4.1  Replacement  Outfall  (Proposed  Action) 

Channel  obstruction  will  occur  when  construction  equipment  is  moored  along  the  east  side  of  the 
channel  for  trenching,  pipe  bedding,  pipe  laying,  and  trench  backfilling.  The  duration  of 
construction  activities  in  the  entrance  channel  is  estimated  to  be  eight  months. 

The  obstruction  may  consist  of  two  barges  moored  together.  The  barges  may  be  secured  by  aown 
buoys,  anchored  out  at  45°  stem  and  stern.  Although  the  two  barges  may  extend  approximately 
40  m  (130  ft)  into  the  channel,  the  mooring  buoys  will  extend  out  90  m  (300  ft)  (Figure  4.9-1). 


’Verbal  communication  with  Director  of  Port  Operations,  Pearl  Harbor  (March  3,  1997). 
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Figure  4.9-1 

PROPOSED  CONSTRUCTION  OPERATION  IN 
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Information  provided  by  Port  Operations'^  indicates  that  only  aircraft  carriers  would  encounter 
difficulty  safely  passing  this  obstruction.  The  scheduled  passage  of  a  single  aircraft  carrier  could 
require  that  construction  activities  be  stopped  for  as  long  as  four  days.^^ 

The  proposed  46-m  (1 50-ft)-deep  outfall  diffuser  is  located  approximately  500  m  (1,600  ft)  south 
of  the  300-m  (1 ,000-ft)-wide  Hickam  Harbor  Entrance  Channel  and  approximately  900  m  (3,000  ft) 
offshore  of  the  jetty  at  the  west  end  of  the  reef  runway  (see  Figure  2.2-1 ).  These  distances  provide 
ample  sea  room  for  access  to  and  from  the  channel  during  diffuser  construction. 

4.9.4.2  Underground  Injection 

Construction  of  underground  injection  wells  would  occur  on  land.  Thus,  no  impacts  on  navigation 
are  anticipated. 

4.9.4.3  No  Action 

No  construction  activities  are  associated  with  the  no-action  alternative.  Therefore,  no  navigational 
i  m  pacts  are  expected . 

4.9.5  Operational  Impacts 

4.9.5.1  Replacement  Outfall  (Proposed  Action) 

Pile-supported  outfall  structures  that  protrude  above  the  sea  floor  would  be  at  risk  of  damage  by 
an  anchor  dropped  from  a  vessel  under  emergency  conditions.  Up  to  500  m  (1,600  ft)  of  pile- 
supported  pipe  may  be  vulnerable  to  such  an  impact.  Although  this  risk  is  posed  primarily  by 
naval  vessels,  non-military  recreational  and  commercial  vessels  are  also  authorized  to  operate  in 
proximity  of  the  channel.  The  anchors  of  small  vessels  may  entangle  the  structure  but  are  not  likely 
to  damage  the  outfall  line  or  diffuser. 

Although  the  anchors  of  larger  vessels  could  damage  the  outfall  structure,  the  structure  is  located 
where  anchoring,  even  under  emergency  conditions,  is  unlikely.  Based  on  this  information,  the 
degree  of  risk  is  deemed  to  be  nonsignificant. 

4.9.5.2  Underground  Injection 

Since  the  underground  injection  alternative  is  land-based,  impacts  on  navigation  from  operations 
are  not  expected. 

4.9.5.3  No  Action 

The  existing  outfall  pipe  is  at  risk  of  damage  by  an  anchor  dropped  from  a  Navy  vessel  under 
emergency  conditions,  but  the  degree  of  risk  associated  with  this  incident  is  deemed  not  to  be 
significant. 


^Verbal  communication  with  Director  of  Port  Operations,  Pearl  Harbor  (March  3,  1 997). 

^^Should  an  aircraft  carrier  enter  or  depart  the  harbor,  the  construction  barges  must  be  demobilized  and 
remobilized.  Demobilization  efforts  will  take  approximately  one  day,  as  will  mobilization  efforts.  Therefore,  construction  activities 
will  cease  for  two  days  when  a  carrier  enters  or  exits  the  harbor. 


4-75 


Final  Environmental  Impact  Statement 

Outfall  Replacement  for  WWTP  at  Fort  Kamehameha 


Analysis  of  Impacts  and  Mitigation 
_  March  2001 


4.9.6  Cumulative  impacts 

There  will  be  no  cumulative  impacts  upon  navigation  as  a  result  of  the  proposed  action, 
underground  injection,  or  no  action. 

4.9.7  Mitigation 

Potential  channel  obstruction  by  barges  will  be  mitigated  by  warning  mariners  of  the  presence  of 
equipment  in  the  ship  channel  and,  if  required,  relocation  of  the  construction  barges  to  allow  the 
passage  of  aircraft  carriers.  Such  relocations  will  be  coordinated  with  Naval  Station  Port 
Operations.  No  blockage  of  the  entrance  channel  will  be  allowed  during  any  Rim  of  the  Pacific 
exercises. 

According  to  information  provided  by  Port  Operations,^®  aircraft  carriers  would  be  able  to  pass  the 
anchor  lines  if  they  were  placed  at  the  toe  of  the  channel  slope,  as  shown  on  Figure  4.9-1 .  Placing 
the  anchor  lines  at  the  toes  of  the  channel  would  provide  approximately  210  m  (690  ft)  of  open 
channel  and  would  not  require  movement  of  the  construction  barges  for  ship  traffic. 

Additional  mitigation  includes  coordination  with  the  Coast  Guard  to  ensure  the  publication  of  a 
Notice  to  Mariners  (NOTMAR)  and  proper  placement  of  buoys  and/or  lights  at  the  anchor 
locations  in  the  entrance  channel.  All  conditions  of  the  Department  of  the  Army  permit  as  they 
apply  to  the  new  outfall  pipe,  barge,  moored  platform,  and  other  floating  equipment  will  be 
complied  with. 

Potential  anchoring  impacts  of  the  proposed  action  and  no  action  will  be  mitigated  by  ensuring 
the  location  of  the  underwater  exposed  piping  is  shown  on  NOAA  nautical  charts. 

No  navigational  impacts  are  expected  from  the  underground  injection  alternative.  Thus,  no 
mitigation  is  required. 

4.1 0  Water  as  a  Resource 

On  the  island  of  Oahu,  fresh  water  is  a  limited  resource,  the  use  of  which  must  be  carefully 
managed.  Nearly  all  fresh  water  on  Oahu  comes  from  groundwater,  a  relatively  inexpensive 
source  to  develop  but  one  which  has  been  exploited,  it  is  contended,  to  its  maximum  sustainable 
potential.  Meeting  the  island's  future  water  demands  will  likely  require  a  combination  of 
conservation  programs,  irrigation  with  brackish  groundwater,  wastewater  effluent  reuse,  storm 
water  impoundment,  and  seawater  desalination.®^ 

Neither  the  proposed  action  nor  the  underground  injection  or  no-action  alternatives  will  have  a 
significant  impact  on  Oahu's  water  resources.  None  will  adversely  impact  existing  sources. 
However,  reuse  of  effluent  from  the  WWTP  at  Fort  Kamehameha  could  help  meet  non-potable 
water  demands.  Its  high  salinity  currentlyrenders  this  use  uneconomical.  None  of  the  alternatives, 
if  implemented,  would  prevent  future  treatment  and  reuse  of  the  effluent  if  economic  conditions 
become  favorable  to  do  so. 


^Verbal  communication  with  Director  of  Port  Operations,  Pearl  Harbor  (March  3,  1997). 

^^Wilson  Okamoto  &  Associates,  Inc.  (May  1 994)  Oahu  Water  Management  Plan,  Initial  Revision  of  Technical  Reference 
Document  Prepared  for  City  and  County  of  Honolulu,  Department  of  General  Planning. 
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4.10.1  Significance  Factors 

The  proposed  action  and  its  alternatives  have  the  potential  to  impact  existing  and  future  water 
sources.  Groundwater  is  the  major  water  source  in  the  Pearl  Harbor  basin;  approximately 
595,000  mVday  (157  mgd)  was  extracted  from  the  Pearl  Harbor  Aquifer  in  1 990."°  Other  potential 
sources  include  stream  diversion,  which  once  supplied  an  average  of  33,000  mVday  (8.7  mgd), 
and  brackish  groundwater."'  The  proposed  action  or  one  of  the  alternatives  proposed  herein  would 
have  a  significant  impact  if  it  substantially  inaeases  or  decreases  the  sustainable  yield  of  any 
groundwater  aquifer  used  for  water  supply. 

4.10.2  Relevant  Environmental  Conditions 

In  1990,  total  water  use  on  Oahu  was  estimated  to  be  1,420,000  mVday  (375  mgd),  of  which 
935,000  mVday  (247  mgd)  was  for  potable  use.  Although  1990  usage  was  340,000  mVday 
(90  mgd)  below  the  island  wide  sustainable  groundwater  yield  of  1,760,000  mVday  (465  mgd), 
the  Pearl  Harbor  and  Honolulu  aquifers  in  the  vicinity  of  Fort  Kamehameha  are  almost  fully 
exploited.  Oahu's  potable  water  demand  is  projected  to  grow  by  215,000  mVday  (57  mgd) 
between  1990  and  the  year  2010.  To  meet  additional  needs,  the  Board  of  Water  Supply  is 
proposing  water  conservation  measures,  development  of  additional  groundwater  sources,  a 
95,000  mVday  (25  mgd)  seawater  desalination  plant,  and  effluent  reuse  on  the  Ewa  plain."^ 

4.10.3  Construction  Impacts 

No  significant  construction-related  impacts  on  water  resources  are  expected  from  the  proposed 
action  or  the  underground  injection,  or  no-action  alternatives.  There  are  no  construction  activities 
associated  with  the  no-action  alternative.  Construction  of  the  proposed  action,  a  marine  outfall, 
will  not  affect  existing  sources  of  water.  Although  drilling  mud  may  be  introduced  into  local 
groundwater  by  well  construction  for  the  underground  injection  alternative  and  possibly  for 
disposal  of  dewatering  effluent  associated  with  construction  of  the  replacement  outfall,  the  effects 
would  be  limited  to  the  immediate  vicinity  of  the  wells  and  would  be  outside  of  potable  aquifers."^ 

4.10.4  Operational  Impacts 

No  significant  operational  impacts  are  expected  from  the  proposed  action  or  the  underground 
injection,  or  no-action  alternatives.  The  proposed  action  and  the  no-action  alternative  would 
discharge  effluent  to  saline  marine  waters,  away  from  groundwater  or  fresh  surface  waters.  The 
underground  injection  alternative  would  discharge  effluent  into  anon-potable  aquifer.  The  aquifer 
would  be  out  of  the  range  of  influence  of  potable  supply  wells  and  hence  would  not  affect  their 
yield  or  quality.""  Due  to  its  high  salinity,  effluent  from  the  WWTP  at  Fort  Kamehameha  could  not 
be  injected  to  serve  as  an  effective  saltwater  intrusion  barrier. 


'*®WiIson  Okamoto  &  Associates,  Inc.  {May  1994). 

^^C.T.  Hirashima  (1971)  Ava/7ab/7/ty  ofStreamflow  for  Recharge  of  the  Basal  Aquifer  in  the  Pearl  Harbor  Area,  Hawaii,  U.S. 
Geological  Survey  Water-Supply  Paper  1 999-B. 

^^A/ilson  Okamoto  &  Associates,  Inc.  (May  1994). 

^^State  of  Hawaii,  Department  of  Health  (no  date)  Underground  Injection  Control  Map,  Pearl  Harbor,  Oahu  Quadrangle. 
^State  of  Hawaii,  Department  of  Health  (no  date). 
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4.10.5  Cumulative  Impacts 

Cumulative  impacts  will  be  the  same  as  operational  impacts.  The  proposed  action,  the  no-action 
alternative,  and  the  underground  injection  alternative  will  not  have  a  significant  cumulative  impact 
on  existing  or  future  sources  of  water. 

4.10.6  Mitigation 

No  significant  adverse  impacts  are  anticipated.  Therefore,  no  mitigative  measures  are  proposed. 

4.11  Summary  of  Environmental  Consequences 

4.1 1 .1  Comparison  of  Alternatives 

Chapter  2  of  this  EIS  discusses  in  detail  the  proposed  action  and  alternatives.  Preceding  sections 
of  this  chapter  discuss  in  detail  the  impacts  that  the  proposed  action  and  the  underground  injection 
and  no-action  alternatives  would  have  on  the  environment  and  what  steps  could  be  undertaken 
to  mitigate  these  impacts.  This  section  summarizes  and  compares  these  impacts  and  recommends 
a  preferred  action.  The  preferred  alternative,  with  proposed  mitigation,  has  the  least  impact  to  the 
environment. 

4.11.1.1  Comparison  of  Environmental  Consequences 

Based  upon  the  analysis  of  environmental  impacts  presented  in  this  chapter,  a  comparison  was 
made  between  the  proposed  action,  no  action,  and  underground  injection  (see  Section  2.9  and 
Table  2.9-2  for  a  matrix  of  the  results  of  the  comparison).  The  no-action  alternative  does  not  satisfy 
the  purpose  of  the  project,  which  is  to  reduce  pollutant  loadings  from  the  wastewater  discharge 
into  the  Pearl  Harbor  Estuary,  or  satisfy  the  need  to  meet  all  environmental  and  other  regulatory 
constraints.  This  alternative,  continued  use  of  the  existing  outfall,  would  potentiallyresult  in  future 
discharge  permit  violations  (see  Appendix  I).  The  underground  injection  alternative  may  improve 
marine  water  quality;  however,  the  information  required  to  make  this  determination  is  unavailable 
and  prohibitively  costly  to  acquire.  Also,  the  life-cycle  cost  of  thisalternative  is  substantially  higher 
than  that  of  the  proposed  outfall  (Table  4.1 1-1).  Combined  with  reliability  questions  and  other 
risks  and  uncertainties  associated  with  the  fate  of  effluent  injected  underground,  it  is  not  the 
preferred  alternative.  Construction  associated  with  the  underground  injection  alternative  would 
also  potentially  impact  cultural  resources  in  the  area  surrounding  the  WWTP,  including  human 
burials.  It  is  possible  that  construction  of  the  transmission  line  required  for  underground  injection 
would  encounter  human  burials,  damage  other  cultural  resources,  and  interfere  with  activities 
occurring  in  adjacent  residential  areas. 


Table  4.11-1 

Cost  Summary  for  Alternatives 


Alternative 

Construction  Cost 

Annual  O&M  Cost 

30-year  Life-Cycle  Cost 

Replacement  Outfall 
(Proposed  Action) 

$20,300,000 

$95,400 

$21,613,000 

Underground  Injection 

$13,440,000 

$1,560,000 

$34,910,000 

No  Action 

$0 

$111,300 

$1,533,000 
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The  preferred  alternative,  replacing  the  existing  outfall  with  an  outfall  in  Mamala  Bay,  meets  the 
purpose  of  and  need  for  the  project  as  identified  above.  Construction  impacts  associated  with  the 
proposed  action  are  either  short-term  (related  to  specific  construction  activities)  or  can  be 
mitigated  using  BMPs  and/or  SOPs. 

Evaluation  of  the  potential  operational  impacts  of  the  preferred  alternative  shows  the  only 
significant  impact  to  be  on  water  quality  within  the  ZOM.  By  definition,  water  quality  standards 
are  allowed  to  be  violated  within  a  designated  ZOM.  The  size  of  the  ZOM  is  smaller  for  the 
proposed  action  than  no  action.  No  ecological  resources  would  be  significantly  impacted  by 
diminished  water  quality  within  the  proposed  ZOM.  Official  ZOM  boundaries  will  be  determined 
by  the  DOH  during  processing  of  the  NPDES  permit  for  the  new  outfall.  Based  on  effluent  plume 
modeling,  the  estimated  ZOM  will  be  smaller  for  the  proposed  46-m  (1 50-ft)-deep  diffuser  than 
for  the  existing  outfall  or  the  21-m  {70-ft)-deep  diffuser.  Based  on  effluent  plume  modeling  and  a 
conservatively  low  estimate  of  the  effluent  quality  from  the  WWTP,  relocation  of  the  outfall  will 
not  result  in  a  violation  of  water  quality  standards  outside  of  the  estimated  ZOM.  The  cumulative 
effect  of  the  proposed  outfall  with  other  existing  outfalls  that  discharge  into  Mamala  Bay  will  not 
result  in  a  violation  of  water  quality  standards.  The  relocation  of  the  discharge  from  the  Pearl 
Harbor  Estuary  may  have  a  positive  impact  upon  water  quality  in  the  estuary. 

4.1 1 .1 .2  Comparison  of  Project  Costs 

Estimates  of  construction  costs,  annual  operations  and  maintenance  (O&M)  costs,  and  30-year  life- 
cycle  costs  for  the  proposed  action  and  each  alternative  are  summarized  in  Table  4.1 1-1 . 

The  proposed  action,  replacing  the  existing  outfall  with  an  outfall  discharging  to  Class  A  Open 
Coastal  Waters,  is  the  second  least  costly  alternative  over  a  30-year  life  cycle.  The  construction 
costs  of  a  new  outfall  are  relatively  high,  but  O&M  costs  of  an  outfall,  which  consist  primarily  of 
receiving  water  quality  monitoring,  are  relatively  low  compared  to  effluent  reuse  or  the 
underground  injection  alternative. 

The  underground  injection  alternative  is  more  costly  than  the  replacement  outfall  or  no  action  in 
terms  of  a  30-year  life-cycle  cost.  Although  construction  costs  for  an  injection  well  system  are 
lower  than  for  the  proposed  outfall,  the  annual  O&M  costs  are  much  higher.  This  alternative  also 
involves  many  undesirable  risks  and  uncertainties,  the  costs  of  which  cannot  be  reliably  estimated. 
These  risks  and  uncertainties  are  identified  and  discussed  in  Sections  2.3  and  4.1 1 .1 .4. 

As  indicated  in  Table  4.1 1-1,  the  no-action  alternative  is  the  least  costly  in  terms  of  construction, 
O&M,  and  30-year  life-cycle  costs.  This  alternative  involves  many  limitations  and  risks  that  have 
not  been  assigned  costs  because  of  the  many  arbitrary  assumptions  that  would  be  required.  For 
example,  an  attempt  to  project  the  value  of  fines,  legal  costs,  and  administrative  fees  for  potential 
permit  noncompliance  over  a  30-year  life  cycle  may  not  accurately  represent  the  relative 
economic  position  of  the  no-action  alternative  in  relation  to  the  other  alternatives  considered.  See 
Sections  2.4  and  4.1 1 .1 .4  for  identification  and  discussion  of  these  limitations  and  risks. 

4.11 .1 .3  Comparison  of  Energy  Requirements 

Estimates  of  the  average  annual  energy  consumption  for  the  proposed  action,  underground 
injection,  and  no  action  are  presented  in  Table  4.11-2.  Energy  consumption  associated  with 
underground  effluent  injection  consists  primarily  of  energy  requirements  for  effluent  pumping. 
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Table  4.11-2 

Energy  Consumption  Summary  for  Alternatives 


Alternative 

Average  Annual  Energy  Consumption 
(kwh/year) 

Replacement  Outfall  (Propose(j  Action) 

<10,000 

Undergrountd  Injection 

560,000 

No  Action 

<10,000 

kWh/year  =  kilowatt  hour  per  year 


4.1 1 .1 .4  Risk  and  Uncertainty 

Each  of  the  alternatives  involves  some  degree  of  risk  and  uncertainty  associated  with  both  the 
construction  and  operations  phases. 

Replacement  Outfall  (Proposed  Action) 

For  this  alternative,  terrestrial  subsurface  conditions  present  a  relatively  minor  risk  because 
terrestrial  excavation  will  be  limited.  The  geotechnical  explorations  (see  Appendix  IV)  have 
provided  adequate  information  regarding  subsurface  conditions  to  limit  construction  risks  to  an 
acceptable  level.  Even  after  a  prudent  geotechnical  analysis  of  subsurface  conditions  along  the 
proposed  alignment,  there  is  some  risk  of  encountering  unforeseen  conditions  during  construction. 
Management  of  this  risk  will  be  accomplished  by  coordinated  efforts  of  the  Navy,  design 
engineers,  geotechnical  engineers,  and  construction  contractors,  which  will  minimize  negative 
cost,  scheduling,  and  quality  impacts. 

There  is  also  a  potential  risk  of  encountering  ordnance  items  within  the  construction  corridor  that 
cannot  be  picked  up  and  carried  away.  In  the  unlikely  event  that  one  or  more  such  ordnance  items 
are  detected  within  the  established  construction  corridor,  an  engineering  solution,  consisting  of 
realigning  a  portion  of  the  outfall,  will  be  implemented  to  avoid  the  ordnance.  The  realigned 
portion  of  the  outfall  will  be  located  within  the  established  construction  corridor  to  provide  the 
necessary  clearance  from  the  ordnance.  This  engineering  solution  will  not  aeate  any  additional 
impacts  to  the  environment.  In  the  event  that  an  engineering  solution  cannot  be  implemented 
within  the  established  construction  corridor,  the  Navy  will  reinitiate  formal  Section  7  consultation 
with  NMFS  in  order  to  destroy  the  ordnance  by  in-place  detonation,  prior  to  continuing 
construction. 

The  major  operational  risks  are  vulnerability  of  the  outfall  to: 

•  Damage  from  a  ship's  anchor, 

•  Damage  from  natural  phenomenon  such  as  seismic  and  storm  activity,  and 

•  Fouling  of  the  diffuser  from  shifting  sands  on  the  marine  bottom. 

These  risks  will  be  managed  in  the  design  phase  by  using  appropriate  design  aiteria  and  analyses. 
Design  aiteria  relevant  to  the  first  two  risks  include  protection  of  the  outfall  and  ease  of  repair 
should  the  outfall  become  damaged.  For  the  third  risk,  the  diffuser  will  be  designed  to  minimize 
the  potential  for  fouling. 
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Underground  Injection 

The  major  construction  uncertainty  associated  with  underground  injection  of  effluent  is  terrestrial 
subsurface  conditions  along  transmission  line  corridors.  Uncertainties  include  conventional 
geotechnical  considerations,  the  potential  presence  of  human  burial  remains  and  other 
archaeological  artifacts,  and  contaminated  soils.  The  risk  associated  with  these  uncertainties  is 
potential  construction  cost  and  scheduling  impacts.  Management  of  the  risk  by  coordinated  efforts 
of  the  Navy,  design  engineers,  geotechnical  engineers,  project  archaeologists.  Native  Hawaiian 
organizations,  and  construction  contractors  could  minimize  cost  and  scheduling  impacts  on  the 
project. 

The  following  are  major  operational  uncertainties  associated  with  effluent  disposal  by  injection 
wells: 

•  Permeability  of  the  subsurface  strata. 

•  Number  and  depth  of  injection  wells  to  provide  the  required  capacity. 

•  Fate  of  the  effluent  after  injection,  which  is  dependent  upon  subsurface  geology  and  the 
direction  and  velocity  of  groundwater  flow  at  the  point  of  injection. 

•  Locations  at  which  the  diluted  effluent  enters  the  coastal  waters  and  whether  it  would  result 
in  long-term  coastal  water  quality  impacts. 

•  Rate  of  well  capacity  deterioration. 

•  Ability  to  effectively  restore  well  capacity  using  available  rehabilitation  methods. 

Risks  associated  with  these  uncertainties  include  the  following: 

•  Potential  need  for  a  large  number  and/or  very  deep  wells, 

•  Costly  wastewater  treatment  upgrades  (such  as  nutrient  removal)  if  unacceptable  coastal  water 
quality  impacts  occur, 

•  Cost  of  unanticipated  well  maintenance  procedures  to  maintain  capacity,  and 

•  Cost  of  future  replacement  wells  when  available  rehabilitation  methods  are  no  longer  able  to 
restore  well  capacity. 

Management  of  these  risks  would  be  primarily  reactive,  although  appropriate  planning  and 
monitoring  would  assist  in  early  problem  detection.  Such  monitoring  would  allow  development 
of  solutions  before  coastal  impacts  or  well  deterioration  became  unacceptable. 

No  Action 

Because  this  alternative  involves  no  construction,  the  uncertainties  and  risks  are  all  operational. 
The  major  uncertainties  include: 

•  Long-term  reliability  and  durability  of  the  existing  outfall, 

•  Future  regulatory  limitations  to  discharges  through  the  existing  outfall,  and 

•  Quantity  of  future  wastewater  flows,  which  are  dependent  upon  future  land  use  in  the  service 
area. 

The  following  risks  are  associated  with  these  uncertainties: 

•  Potential  for  structural  failure  of  the  existing  outfall. 

•  Future  permit  requirements  for  additional  costly  wastewater  treatment  upgrades  or  discharge 
relocation  (see  Chapter  2  and  Appendix  I). 
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•  Increase  in  future  wastewater  flows,  which  could  jeopardize  permit  compliance. 

•  Penalties  and  legal  actions  resulting  from  permit  or  regulatory  noncompliance. 

Management  of  these  risks  would  present  difficulties  for  the  Navy  Public  Works  Center,  Pearl 
Harbor  and  Commander,  Navy  Region  Hawaii,  because  it  would  primarily  involve  reacting  to 
conditions  beyond  the  control  of  these  entities.  Because  of  the  long  lead  time  for  design, 
permitting,  and  construction  of  major  WWTP  upgrades  and/or  a  replacement  outfall,  permit 
violations  could  persist  for  an  extended  period  if  future  permit  limitations  were  not  attainable  by 
the  existing  treatment  and  disposal  system. 

4.1 1 .2  Preferred  Alternative  and  Environmentally  Preferred  Alternative 

Based  on  the  information  summarized  above,  the  proposed  action,  that  of  constructing  a  new 
outfal  I  in  Class  A  Open  Coastal  waters,  is  the  preferred  alternative.  The  preferred  alternative  meets 
the  purpose  and  need  with  the  least  risk  and  uncertainty.  It  consists  of  a  107-cm  (42-inch)-diameter 
pipe  from  the  WWTP  effluent  pump  station  to  the  46-m  (1 50-ft)  depth,  where  it  will  terminate  in 
a  200-m  (656-ft)-long  diffuser.  The  preferred  alignment  for  construction  of  this  new  outfall  is 
shown  on  Figure  2.2-1 .  Alignment  of  the  diffuser  section  of  the  outfall  will  be  parallel  to  the  sea 
floor  contours. 

The  preferred  alignment  optimizes  environmental  and  economic  factors  by  maximizing  the  use 
of  the  reef  flat  while  avoiding  environmentally  sensitive  areas.  The  bottom  of  the  channel  from  the 
entrance  point  of  the  preferred  alignment  to  the  natural  sea  floor  slope  is  relatively  clear  of  silt  or 
other  material  that  would  be  potentially  unsuitable  or  difficult  to  certify  for  ocean  disposal  after 
trenching.  The  alignment  across  the  reef  flat  has  been  configured  to  avoid  areas  of  high-density, 
well-established  living  coral.  Subsequently,  the  chosen  alignment  will  minimize  the  impact  upon 
the  areas  with  a  higher  density  of  living  coral.  Natural  recruitment  will  replace  the  low-density, 
small  coral  colonies  affected  by  construction,  as  periodically  occurs  after  severe  storm  events. 

Based  on  the  reduced  occurrence  of  a  surfacing  plume  and  the  greater  dilutions  available  when 
the  plume  does  surface,  the  46-m  (1 50-ft)  depth  was  selected  over  the  21-m  (70-ft)  depth  for  the 
diffuser  location.  The  ZOM  for  the  46-m  (1 50-ft)-deep  diffuser,  based  upon  nitrate  +  nitrite 
nitrogen  as  the  limiting  parameter,  will  be  approximately  910  m  (2,980  ft)  long  and  750  m 
(2,460  ft)  wide.  The  46-m  (1 50-ft)  depth  is  characterized  by  a  sandy  bottom  and  somewhat  steeper 
slopes  than  the  21-m  (70-ft)  depth,  but  is  a  viable  location  for  diffuser  construction  due  to  the 
relative  stability  of  the  sand.  Slopes  at  the  46-m  (1 50-ft)  depth  are  slightly  less  steep  than  slopes 
immediately  above  and  below  that  depth.  The  steeper  adjacent  slopes,  characterized  by  loose, 
coarse  sand,  would  not  only  require  additional  construction  expense  but  would  also  threaten  the 
long-term  structural  and  functional  stability  of  the  diffuser. 

The  preferred  alternative  has  associated  environmental  impacts,  which  can  be  mitigated. 
Table  4.1 1-3  summarizes  the  potential  impacts  during  construction  and  operations  and  proposed 
mitigation  measures  for  the  preferred  alternative. 

Based  on  the  analysis  and  comparison  of  environmental  impacts  of  the  proposed  action  and 
alternatives,  the  proposed  action  is  also  the  environmentally  preferred  alternative.  The  preferred 
alternative  minimizes  the  impacts  upon  the  environment  from  construction  and  operations  by 
applying  mitigation  measures.  The  resulting  impact  upon  the  environment  is  less  than  from  the 
other  alternatives  evaluated  in  thischapter.  Underground  injection  would  require  more  land-based 
construction  than  the  replacement  outfall,  would  occur  in  an  identified  area  of  human  burials,  and 
has  the  potential  to  degrade  nearshore  coastal  water  quality.  Because  of  the  improved  discharge 
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location  and  effluent  dilution  provided  by  the  replacement  outfall,  the  no-action  alternative  is  not 
the  environmentally  preferred  alternative. 

4.12  Irreversible  and  Irretrievable  Commitments  of  Resources 

The  selection  of  the  preferred  alternative  has  associated  with  it  both  irreversible  and  irretrievable 
commitments  of  resources.  The  construction  of  the  outfall  will  require  the  use  of  physical 
resources,  including  construction  materials  and  fuel  for  equipment,  and  human  resources, 
including  planning,  management,  and  construction  labor.  Wastewater  effluentthatisdisposed  into 
marine  waters  is  lost  for  terrestrial  reuse.  However,  the  estimated  cost  to  desalinate  the  effluent 
to  a  level  acceptable  for  non-potable  water  use  does  not  make  reuse  an  economically  viable 
alternative  at  the  present  time.  Construction  of  the  outfall  does  not  preclude  the  future  use  of 
effluent  from  the  WWTP  when  technology,  growth  of  non-potable  demand,  and  economic  factors 
make  reuse  a  more  viable  alternative.  The  presence  of  the  proposed  outfall  would  be  beneficial 
for  an  effluent  reuse  project,  because  the  outfall  could  be  used  for  disposal  into  open  coastal 
waters  of  brine,  containing  nutrients  and  other  regulated  constituents  as  well  as  excess  and 
"nonspecification"  effluent. 

4.13  Unavoidable  Impacts 

The  preferred  alternative  has  the  unavoidable  but  nonsignificant  impact  of  creating  a  ZOM  in 
Mamala  Bay.  Evaluation  of  diffuser  placement  options  in  this  EIS  has  resulted  in  identifying  a 
proposed  discharge  location  with  a  small  ZOM  and  a  plume  of  minimal  surfacing  frequency  at  a 
reasonable  cost.  The  preferred  alternative  also  eliminates  the  ZOM  of  the  current  WWTP  outfall, 
located  primarily  in  the  Pearl  Harbor  Estuary.  The  current  ZOM  has  a  constantly  surfacing  plume. 
The  relocation  of  the  outfall  while  not  eliminating  the  wastewater  discharge,  moves  it  to  a  location 
that  will  allow  better  dilution  in  the  marine  environment. 

4.14  Unresolved  Issues  of  All  Alternatives 

The  final  size  of  the  ZOM  and  the  determination  of  the  "aitical"  parameter  to  be  used  by  DOH 
in  its  issuance  of  an  NPDES  permit  for  the  proposed  outfall  areatthedisaetion  of  the  DOH.  These 
two  issues  are  therefore  unresolved  at  this  time.  However,  as  indicated  in  Section  4.4.5.1,  no 
significant  adverse  impacts  are  anticipated. 

The  evaluation  of  the  underground  injection  alternative  also  has  several  unresolved  issues, 
including  an  incomplete  understanding  of  how  the  injected  effluent  would  interact  with  the 
groundwater  aquifer  and  with  adjacent  marine  waters  (see  Sections  4.4  and  4.11.1.4).  Also, 
performance  of  injection  wells  cannot  be  accurately  predicted.  Resolution  of  either  of  these  issues 
would  require  the  installation  and  prolonged  and  extensive  testing  of  one  or  more  test  wells  at  the 
proposed  injection  well  location,  which  is  beyond  the  scope  of  this  EIS. 

4.15  Short-term  Use  of  the  Environment  Versus  Long-Term 
Productivity 

The  ocean  has  the  capacity  to  assimilate  treated  wastewater  effluent.  Use  of  the  ocean  for  disposal 
of  effluent  from  the  WWTP  at  Fort  Kamehameha  will  have  no  long-term  detrimental  effects  on  the 
ocean  environment  or  its  productivity. 
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Wastewater  that  is  reused  reduces  the  demands  on  aquifers  for  non-potable  water  purposes.  The 
sustainable  yield  of  the  Pearl  Harbor  aquifer  system  is  estimated  by  the  Hawaii  Commission  on 
Water  Resource  Managementto  be  approximately  696,000  mVday  (184  mgd).  Current  withdrawal 
permits  total  approximately  635,000  mVday  (1 68  mgd).  In  the  future,  should  demand  exceed  the 
sustainable  yield,  the  use  of  treated  effluent  to  offset  demand  against  the  aquifer  may  be  a  cost- 
justifiable,  economic,  and  environmentally  suitable  option  compared  to  other  alternative  sources. 

4.16  Possible  Conflicts  with  Federal,  State,  or  Local  Land-Use 
Plans,  Policies,  and  Controls 

Each  alternative,  except  no  action,  was  designed  to  comply  with  applicable  land-use  plans, 
policies,  and  controls.  Therefore,  the  alternatives,  except  no  action,  are  equivalent  from  a  land-use 
compliance  standpoint  before  evaluation  of  environmental  impacts  and  costs.  The  only  conflict 
that  has  been  identified  with  federal,  state,  or  local  plans,  policies,  and  controls  for  the  proposed 
action  or  the  alternatives  analyzed  in  this  chapter  is  that  no  action  does  not  meet  the  State's  long¬ 
term  goal  of  removing  the  discharge  from  Pearl  Harbor  Estuary. 

4.17  Compliance  with  Executive  Orders 

In  general,  each  alternative  except  no  action  was  configured  to  comply  with  applicable  Executive 
Orders.  Compliance  with  the  applicable  Executive  Orders  are  summarized  below. 

4.17.1  Floodplain  Management 

Executive  Order  11988,  which  provides  direction  for  federal  agencies  regarding  floodplain 
management,  is  not  applicable  to  the  proposed  action  or  the  no-action  alternative.  It  is  applicable 
to  the  underground  injection  alternative,  because  the  construction  and  operational  activities 
associated  with  this  alternative  would  occur  in  a  floodplain  area.  The  underground  injection 
alternative  would  be  designed  to  minimize  impacts  on  the  floodplain.  Impacts  would  also  be 
mitigated  through  the  use  of  BMPs  and  SOPs. 

4.1 7.2  Protection  of  Wetlands 

Executive  Order  1 1990  directs  federal  agencies  to  avoid  long-  and  short-term  adverse  impacts 
associated  with  the  destruction  or  modification  of  wetlands.  Construction  activities  for  the 
proposed  action  would  not  damage  wetland  areas.  Construction  staging  areas  have  been 
delineated  to  avoid  designated  wetlands.  Construction  activities  associated  with  the  underground 
injection  alternative  would  have  potential  to  damage  wetland  areas,  depending  on  the  well  site 
location.  Therefore,  this  alternative  would  have  to  be  designed  to  minimize  and  mitigate  any 
impact  upon  wetlands.  The  no-action  alternative  does  not  affect  wetland  areas. 

4.17.3  Coral  Reef  Protection 

Under  Executive  Order  1 3089,  federal  agencies  are  required  to  identify  which  of  their  actions  may 
affect  U.S.  coral  reef  ecosystems,  protect  and  enhance  the  conditions  of  coral  reef  ecosystems, 
and,  to  the  extent  permitted  by  law,  ensure  that  the  actions  they  authorize,  fund,  or  carry  out  will 
not  degrade  the  conditions  of  the  coral  reef  ecosystem.  The  pipeline  alignment  for  the  proposed 
action  was  designed  and  selected  to  avoid  areas  of  coral  growth  to  a  maximum  extent  practicable. 
The  underground  injection  alternative  may  affect  the  coral  reef  ecosystem,  if  injected  effluent 
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discharges  to  nearshore  waters.  The  no-action  alternative  may  adversely  affect  living  coral  in  the 
area  if  nutrient  loadings  to  the  estuary  are  increased. 

4.17.4  Environmental  Justice  for  Minority  and  Low-Income  Populations 

Under  Executive  Order  12898,  federal  agencies  are  required  to  address  the  potential  for 
disproportionately  high  and  adverse  environmental  effects  of  their  actions  on  minority  and 
economically  disadvantaged  populations.  Based  on  the  study  of  recreational,  commercial,  and 
personal  consumptive  users  in  the  area  of  the  proposed  outfall  (see  Appendix  IX),  there  is  no 
indication  that  the  user  population  primarily  consists  of  minorities  or  economically  disadvantaged 
persons.  Therefore,  the  impacts  of  the  proposed  action  will  not  disproportionately  affect  either 
minority  or  low-income  populations.  Similarly,  neither  the  impacts  of  the  underground  injection 
alternative  nor  the  impacts  of  the  no-action  alternative  would  disproportionately  affect  minority 
or  low-income  populations. 

4.17.5  Protection  of  Migratory  Birds 

Under  Executive  Order  13186,  federal  agencies  taking  actions  that  have,  or  are  likely  to  have,  a 
measurable  negative  effect  on  migratory  bird  populations  area  required  to  develop  and  implement 
a  Memorandum  of  Understanding  with  the  USFWS  that  promotes  the  conservation  of  migratory 
bird  populations.  Construction  activities  for  the  proposed  action  will  not  impact  migratory  birds 
or  their  habitat.  The  outfall  alignment  has  been  designed  to  avoid  areas  where  migratory  birds  are 
known  to  visit.  Construction  activities  associated  with  the  underground  injection  alternative  could 
potentially  damage  migratory  bird  habitat,  depending  on  the  site  location.  Therefore,  this 
alternative  would  have  to  be  designed  to  minimize  and  mitigate  any  impact  upon  the  habitat  of 
migratory  birds. 

4.18  Energy  Requirements  and  Conservation  Potential 

Ocean  disposal  is  the  least  energy  consumptive  of  the  feasible  alternatives.  It  would  require  less 
than  10,000  kWh  per  year  compared  to  underground  injection  that  may  require  as  much  as 
560,000  kWh  per  year. 

4.19  Urban  Quality,  Historical  and  Cultural  Resources,  and  the 
Built  Environment 

Impacts  of  the  proposed  action,  underground  injection  alternative,  and  no-action  alternative  on 
cultural  resources  were  evaluated  in  Section  4.7.  The  proposed  action  would  have  little  or  no 
impact  on  cultural  resources.  The  underground  injection  alternative  has  the  potential  to  encounter 
subsurface  archaeological  objects  or  human  remainsduring  construction.  The  no-action  alternative 
would  not  impact  cultural  resources  because  it  involves  no  construction  activities. 
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6.1  Environmental  Impact  Statement  Process  and  Public 
Involvement 

The  federal  environmental  impact  statement  (EIS)  process  allows  for  public  comment  so  that  the 
decision  maker  may  be  apprised  of  the  range  of  opinions  on  issues  of  potential  significance  in 
regard  to  the  proposed  action.  This  section  describes  the  EIS  process  and  summarizes  the  public 
involvement  to  date. 

6.1.1  Scoping 

The  EIS  process  began  with  a  30-day  scoping  period  beginning  September  11,  1996,  when  a 
Notice  of  Intent  (NOI)  to  prepare  this  EIS  was  published  in  the  Federal  Register  and  two  local 
newspapers.  The  scoping  period  included  two  public  meetings  to  provide  information  to  the 
public  about  the  proposed  action  and  to  receive  oral  and  written  comments  on  the  proposed 
action.  The  scoping  period  ended  on  October  18,  1996. 

Issues  raised  at  the  public  scoping  meetings  are  documented  in  the  comment  letters  included  in 
Appendix  II.  A  copy  of  the  NOI,  group  memory,  and  sign-in  sheets  from  these  scoping  meetings 
are  also  included  in  Appendix  II.  A  full  discussion  of  the  issues  raised  during  the  scoping  and 
evaluation  period  is  found  in  Chapters  2  and  4. 

6.1.2  Draft  Environmental  Impact  Statement  and  Final  Environmental 
Impact  Statement  Process 

Following  the  scoping  period,  the  draft  EIS  (DEIS)  was  prepared,  incorporating  public  comments 
on  issues  of  importance.  The  DEIS  was  published  in  September  1997  and  distributed  to  the 
interested  parties  listed  in  Appendix  II.  Upon  publication  of  the  DEIS,  a  Notice  of  Availability  and 
announcement  of  public  hearing  for  the  DEIS  was  published  in  the  Federal  Register,  two  local 
newspapers,  and  the  Office  of  Environmental  Quality  Control  Bulletin,  which  allowed  for  a45-day 
period  for  public  review  and  comment  on  the  draft  document.  Copies  of  the  written  comments 
submitted  are  included  in  Appendix  II.  During  this  45-day  comment  period,  a  public  hearing  was 
held  to  allow  an  opportunity  for  public  comments  on  the  findings  of  the  DEIS.  Only  two  members 
of  the  public  attended  the  hearing.  Both  of  them  also  submitted  written  comments,  which  are 
included  along  with  the  Navy's  response  letters  in  Appendix  II.  All  concerns  and  comments  were 
considered  during  preparation  of  this  Final  EIS  (FEIS)  and  were  addressed  in  the  FEIS  if  relevant. 

The  FEIS  is  designed  to  inform  the  decision  maker  of  the  anticipated  significant  impacts  of  the 
project  and  measures  needed  to  mitigate  adverse  impacts.  The  document  is  not  intended  by  the 
Council  on  Environmental  Quality  to  be  encyclopedic,  but  rather  to  focus  on  relevant  issues  so 
that  a  final  decision  is  made  based  on  knowledge  of  its  potential  environmental  impacts. 

Following  consideration  of  alternative  actions  and  environmental  impacts,  a  Record  of  Decision 
(ROD)  will  be  published.  The  ROD  informs  the  public  of  the  final  decision  on  the  proposed 
action,  why  the  decision  maker  chose  this  particular  alternative,  any  adverse  impacts  of  this 
alternative,  and  actions  the  decision  maker  will  take  to  mitigate  adverse  impacts. 
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6.2  List  of  Agencies,  Organizations,  and  Persons  Contacted 

The  agencies,  organizations,  and  individuals  consulted  for  this  project  are  listed  below.  The  NOI 
and  DEIS  distribution  lists  can  be  found  in  Appendix  II.  Those  who  commented  on  the  NOI  in 
writing  or  requested  status  as  a  consulted  party  are  identified  with  an  asterisk  (*);  those  who 
submitted  written  comment  on  the  DEIS  are  marked  by  a  plus  sign  {+).  Copies  of  the 
correspondence  with  those  who  submitted  written  comments  on  either  the  NOI  or  DEIS  are 
reproduced  in  Appendix  II. 

Federal  Agencies 

Department  of  the  Army,  U.S.  Army  Corps  of  Engineers 
+  Department  of  the  Army,  U.S.  Army  Engineer  District,  Honolulu 

National  Weather  Service,  Western  Pacific  Regional  Fishery  Management  Council 
+  U.S.  Air  Force 

U.S.  Department  of  Agriculture,  Natural  Resources  Conservation  Service 
+  U.S.  Department  of  Commerce,  National  Marine  Fisheries  Service 
U.S.  Department  of  Commerce,  NOAA  Fisheries  Pacific  Area  Office 
+  U.S.  Department  of  the  Interior,  Environmental  Policy  and  Compliance 
*  U.S.  Department  of  the  Interior,  Fish  &  Wildlife  Service 
+  U.S.  Department  of  the  Interior,  Geological  Survey,  Water  Resources  Division 
U.S.  Department  of  Transportation,  Coast  Guard 
+  *  U.S.  Environmental  Protection  Agency 

State  Agencies 

Department  of  Agriculture 
+  *  Department  of  Health 
+  *  Department  of  Land  and  Natural  Resources 
+  Department  of  Transportation 

Environmental  Center,  University  of  Hawaii 
Marine  Option  Program,  University  of  Hawaii 
Office  of  Environmental  Quality  Control 
+  Office  of  Hawaiian  Affairs 
+  Office  of  Planning 

Sea  Grant  College  Program,  University  of  Hawaii 
Water  Resource  Research  Center,  University  of  Hawaii 

City  &  County  Agencies 

+  Board  of  Water  Supply 
+  Department  of  Land  Utilization** 

+  Department  of  Public  Works*  * 

+  Department  of  Parks  and  Reaeation 
+  Department  of  Wastewater  Management*  * 

Office  of  the  Mayor 
+  Planning  Department** 
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State  Legislators 

Senator  Rey  Graulty** 

Senator  David  Y.  Ige 
Senator  Randall  Y.  Iwase** 

Senator  Norman  Mizuguchi** 
Representative  Romy  M.  Cachola** 
Representative  Lennard  J.  Pepper** 
Representative  Roy  M.  Takumi 

Honolulu  City  Council 

Councilman  Mufi  Hanneman** 

+  Councilman  Steve  Holmes 

Councilwoman  Donna  Mercado-Kim** 

Neighborhood  Boards 

Aiea  Neighborhood  Board 
Aliamanu  Neighborhood  Board 
Pearl  City  Neighborhood  Board 

Organizations 

Blue  Ocean  Preservation  Society 
Conservation  Council  of  Hawaii 
Earthtrust 

Greenpeace  Foundation  of  Hawaii 
Hawaii  Chapter  American  Fisheries 
Society 

Hawaii  Office  Natural  Resources 
Defense  Council 
Hawaii's  Thousand  Friends 
Life  of  the  Land 

Mamala  Bay  Study  Commission 
Native  Hawaiian  Legal  Corporation 

Private  Individuals  and  Businesses 

+  Best  Industries  USA,  Inc. 

Robert  Grace 
Toni  Yardley 


Sierra  Club  Legal  Defense  Fund,  Inc.** 
Sierra  Club  Hawaii  Chapter 
The  Ocean  Recreation  Council  of  Hawaii 
Oahu  Burial  Committee 
+  Ah upua'a  Action  Alliance 

Hui  Malama  Na  Kupuna  O  Hawaii  Nei 
Pacific  Basin  Development  Council 
Save  Our  Bays  and  Beaches 
Surfrider  Foundation 
Hui  Malama  Aina  O  Koolau 
Women  of  Hale  O'  Papa 


*  *  Organization  names  and  elected  officials  listed  were  effective  at  the  time  the  organizations/officials  were  consulted 
or  contacted.  City  and  County  departments  were  reorganized  into  newly-created  departments  in  July  1 998. 
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_ (May  1 988)  Review  and  Re-evaluation  of  Groundwater  Conditions  in  the  Pearl  Harbor 

Groundwater  Control  Area,  Oahu,  Hawaii.  Prepared  for  the  State  of  Hawaii,  Commission 
of  Water  Resources  Management.  Hawaii  Department  of  Land  and  Natural  Resources 
Report  R-78. 
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Ahua  Reef  4-45,  4-46,  4-47,  4-50, 4-70, 4-72 
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Aviation  2-1 6,  2-39,  2-49,  2-65,  3-1 7,  4-1 3 
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Alternative  1-4, 1-10, 1-15,  2-1, 2-2,  2-3,  2-4,  2-5,  2-6,  2-13,  2-36,  2-37,  2-40,  2-41, 2-43,  2-44,  2-45, 
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4-64, 4-65, 4-70, 4-71 , 4-72, 4-73, 4-75, 4-76, 4-77, 4-78, 4-79, 4-80, 4-81 , 4-82, 4-86, 
4-87,  4-88,  6-1 

Aquatic  2-7,  2-12,  2-14,  2-45,  2-48,  2-57,  2-58,  2-81,  3-1,  3-6,  3-8,  4-1,  4-2,  4-6,  4-7,  4-17,  4-18, 
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4-42,  4-43,  4-50,  4-51,  4-60,  4-83,  4-84,  4-85 
Archaeological  Resources  2-2,  2-53,  2-56,  2-75,  2-76,  2-77,  4-7,  4-63,  4-64 
see  Cultural  Resources 
Benthic  Ecosystem  3-1,  3-6,  3-8, 4-19, 4-25 
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Biological  Nutrient  Removal  2-5,  2-51,  2-53,  2-55,  2-56 
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INDEX-I 


Final  Environmental  Impact  Statement 

Outfall  Replacement  for  WWTP  at  Fort  Kamehameha 


Index 
March  2001 


Jacking/receiving  pit  2-31,  4-30,  4-31,  4-37,  4-56, 4-57 
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Coral  Reef  Protection  (Executive  Order  13089)  2-12,  2-18,  2-45,  2-49,  2-79,  4-6,  4-25,  4-87 

Coral  Reef  Protection  (federal  policy)  4-25, 4-57 

Patch  Reefs  4-33,  4-34,  4-37 

see  Ahua  Reef 

see  Reef  Flat(s) 

Costs  1-9,  2-2,  2-3,  2-4,  2-5,  2-6,  2-13,  2-24,  2-26,  2-27,  2-35,  2-36,  2-37,  2-41,  2-44,  2-46,  2-47, 
2-51 , 2-55, 2-56, 2-58,  2-72, 2-73, 2-75, 2-76, 2-77, 2-78, 2-80, 4-1 2, 4-1 8, 4-41 , 4-50, 
4-65,  4-79,  4-87 

Capital  Costs  2-6,  2-13,  2-44,  2-73 
Cost  Estimate  2-6,  2-26,  2-51,  2-55,  2-56 

Life-Cycle  Cost  2-1, 2-6,  2-13,  2-35, 2-36,  2-37,  2-44,  2-47,  2-56, 2-59, 2-60, 2-72, 2-73, 2-80, 
4-78,  4-79 

see  Operations  and  Maintenance  (O&M),  O&M  Costs 

Council  on  Environmental  Quality  (CEQ)  1-1,  4-1,  4-2,  6-1 

Cultural  Resources  2-19,  2-23,  2-40,  2-50,  2-66,  2-75,  2-76,  2-81,  3-12,  3-13,  4-1,  4-7,  4-8,  4-15, 
4-61, 4-62,  4-63,  4-64,  4-78,  4-88 

Burials  2-1 9,  2-40,  2-41 , 2-50,  2-53,  2-56,  2-66,  2-75,  2-76,  2-81 , 3-1 3,  4-7, 4-62, 4-64, 4-78, 
4-82 

see  Archaeological  Resources 
see  Historic  Resources 

Cumulative  Impacts  1-6,  1-10,  2-81,  4-2,  4-1 7,  4-18,  4-22,  4-42,  4-43,  4-51,  4-53,  4-61, 4-64,  4-65, 
4-72,  4-76,  4-78 

Department  of  Defense  (DoD)  3-1 5,  3-1 7,  4-45,  4-47,  4-49 
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DA  permit  2-14,  2-15,  2-16,  2-29,  2-38,  2-45,  2-48 

Desalination  2-5,  2-59,  2-60,  2-63,  2-64,  2-65,  2-67,  2-68,  2-69,  2-70,  2-71,  2-72,  2-73,  2-74,  2-77, 
4-76,  4-77 

Brine  2-5,  2-9,  2-12,  2-59,  2-60,  2-63,  2-64,  2-65,  2-68,  2-69,  2-70,  2-71,  2-72,  2-73,  2-74, 
2-76,  2-77,  4-86 

Dewatering  1-14,  2-7,  2-14,  2-15,  2-16,  2-32,  2-33,  2-34,  2-35,  2-69,  2-79,  2-80,  4-63,  4-77,  4-83 

Diffuser  1-1,  1-4, 1-5,  1-1 1,  2-3,  2-4,  2-1 7,  2-20,  2-22,  2-23,  2-27,  2-30,  2-31 , 2-36,  2-37,  2-46,  2-78, 
2-80,  3-1 1 , 3-1 2, 4-7, 4-1 1 , 4-1 6, 4-1 8, 4-20, 4-21 , 4-22, 4-34, 4-36, 4-40, 4-41 , 4-44, 
4-49,  4-50,  4-53,  4-56,  4-60,  4-70,  4-71, 4-75,  4-79,  4-80,  4-82,  4-84,  4-85,  4-86 
Diffuser  Depth  2-22,  4-44 
Diffuser  Length  2-20,  2-22, 4-44,  4-71 

Disinfection  1-11,  1-14,  2-5,  2-41,  2-55,  2-56,  2-59,  2-60,  2-63,  2-67,  2-68,  2-72,  2-73,  2-74,  4-72 
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Document  Organization  1-15 

Drainage  2-35,  2-53,  2-69,  3-1,  3-4,  3-5,  3-9,  4-9,  4-1 5,  4-57 
Effluent  Chemistry  4-4,  4-66,  4-69,  4-70 

Effluent  Reuse  1-4,  2-2,  2-3,  2-4,  2-5,  2-9,  2-10,  2-58,  2-59,  2-60,  2-61, 2-64,  2-68,  2-69,  2-70,  2-71, 

2-72,  2-73,  2-74,  2-76,  2-77,  4-76,  4-77,  4-79,  4-86 
Reclaimed  Effluent  2-59,  2-63,  2-68,  2-70 
Reuse  Alternative  2-1 3,  2-48,  2-59,  2-60,  2-65,  2-77 
Electricity  2-37,  2-71 ,  2-73,  3-1 6,  4-1 0 

Endangered  Species  Act  (ESA)  2-14,  2-1 7,  2-40,  2-49,  2-65,  2-79, 4-2,  4-6,  4-55 
see  Protected  Species  and  Habitat 

Energy 

Energy  Consumption  2-55,  2-71,  2-73,  4-79,  4-80 
Energy  Requirements  2-55,  2-56,  2-67,  2-73,  2-77,  4-79, 4-88 
Environrnental  Impact  Statement  (EIS)  1-1, 1-6, 1-9, 1-10, 1-15,  2-3, 2-4,  2-5, 2-6, 2-29,  3-6, 3-11,4-1, 
4-2,- 4-52,  4-53,  4-55,  4-56,  4-69,  4-78,  4-86,  6-1 
Environmental  Justice  2-11,  2-20,  2-41,  2-46,  2-50,  2-66,  2-79, 4-11,  4-52,  4-88 

Federal  Actions  to  Address  Environmental  justice  in  Minority  and  Low-Income  Populations 
(Executive  Order  12898)  2-20,  2-41,  2-46,  2-50,  2-66,  4-1 1, 4-52,  4-53,  4-88 
Low-Income  Populations  2-11,  2-20,  2-41,  2-46,  2-50,  2-66,  2-79,  4-52,  4-53,  4-88 
Minority  2-1 1, 2-20,  2-41,  2-46,  2-50,  2-66,  2-79,  4-1 1, 4-45,  4-52,  4-53,  4-88 
Environmental  Protection  Agency 

see  U.S.  Environmental  Protection  Agency 
Environmentally  Preferred  Alternative  1-15,  4-82,  4-86 
Essential  Fish  Habitat  (EFH)  2-18,  2-40,  2-49,  2-65,  3-12,  4-7,  4-56 

Excavated  Material  2-1 5,  2-26,  2-27,  2-29,  2-30,  2-32,  2-34,  2-35,  2-38,  2-69,  2-70,  4-1 6,  4-1 8, 4-58 
Executive  Order  Establishing  a  Defensive  Sea  Area  In  and  About  Pearl  Harbor,  Hawaii  (Executive 
Order  8143)  3-1,  3-16 

Defensive  Sea  Area  3-1,  3-6,  3-15,  3-16,  4-67 
see  Naval  Defensive  Sea  Area 

Existing  Outfall  1-1, 1-2, 1-3, 1-4, 1-5, 1-6, 1-11,2-1,  2-4,  2-5,  2-8, 2-13,  2-21, 2-29,  2-31, 2-33,  2-44, 

2- 45, 2-46, 2-47, 2-48, 2-54, 2-56, 2-60, 2-64, 2-65, 2-68, 2-72, 2-74, 2-75, 2-77,  2-80, 

3- 6,  3-8,  3-11,  4-3,  4-1 3,  4-19,  4-20,  4-21, 4-23,  4-26,  4-27,  4-30,  4-38,  4-41,  4-42, 

4- 43,  4-46,  4-51,  4-60,  4-66,  4-68,  4-70,  4-72,  4-75,  4-78,  4-79,  4-81 
Fauna  2-1 7,  3-8,  3-9,  4-53,  4-59 

Federal  Aviation  Administration  (FAA)  2-16,  2-39,  2-49,  2-65,  2-79,  3-17,  4-13,  4-17 
Fishery  Management  Plan  (FMP)  2-1 8,  4-54,  4-56 
Flooding/tsunami  Inundation  4-17 
Floodplain  2-10,  2-41,  2-50,  2-66,  2-79,  4-87 

Floodplain  Management  (Executive  Order  11988)  2-10,  2-41, 2-49,  2-50,  2-66, 4-3,  4-87 
Flora  2-1 7,  3-8,  4-53,  4-59 
Geology  And  Soils  3-2 

Granular  Activated  Carbon  (GAC)  2-5,  2-51,  2-55,  2-56 

Green  Sea  Turtles  2-1 7,  3-1 1 , 4-1 8,  4-32,  4-33,  4-34,  4-41 , 4-53,  4-55,  4-57,  4-60 
see  Turtle(s) 

Groundwater  2-9,  2-38,  2-58,  2-60,  2-67,  2-69,  2-72,  2-77,  2-79,  3-2,  3-3,  3-4,  3-15,  3-16, 4-4, 4-5, 
4-7,  4-65,  4-76,  4-77,  4-81,  4-86 

Habitat  Areas  of  Particular  Concern  (HAPC)  2-18,  2-40,  2-49,  2-65,  3-12, 4-7, 4-56 
Hawaii  Air  National  Guard  (HIANG)  1-11,  3-14,  3-16 
Hawaiian  Stilt  2-3,  2-1 7,  3-9,  4-53,  4-54,  4-55 
Hazardous  Waste  Disposal  4-1 0, 4-1 7 
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Hickam  Air  Force  Base  (AFB)  1-9,  1-11,  2-23,  2-41,  2-42,  2-58,  2-59,  2-70,  3-2,  3-4,  3-5,  3-8,  3-9, 

3- 1 3,  3-14,  3-1 5,  3-1 6,  3-1 7,  4-1 6,  4-44,  4-51 , 4-52,  4-53,  4-54,  4-56,  4-59,  4-83 
Hickam  Air  Force  Complex  3-1 4 

Hickam  Harbor  2-3,  2-35,  3-4,  3-7,  3-11,  3-14,  3-15,  4-16, 4-38, 4-44, 4-46,  4-47,  4-48,  4-49,  4-51, 

4- 56,4-71,4-75 
Historical  Resources  4-8 

National  Historic  Landmarks  4-8 

National  Historic  Preservation  Act  (NHPA)  2-14,  2-19,  2-40,  2-50,  2-66,  2-79,  4-7,  4-8 

National  Register  of  Historic  Places  2-19,  3-13,  4-2 

State  Historic  Preservation  Officer  (SHPO)  2-19,  2-40,  2-50,  2-66,  3-13,  4-64 

see  Cultural  Resources 

Honolulu  International  Airport  2-5,  2-49,  2-58,  2-59,  2-60,  2-61,  2-65,  2-66,  2-68,  3-2,  3-14,  3-16, 

3- 17,4-51 

Infiltration  and  Evaporation  1-4,  2-2,  2-3,  2-4,  2-5,  2-9,  2-10,  2-57,  2-58,  2-59,  2-76,  2-77 

Inland  Estuary  3-6 

Introduced  Species  and  Disease  4-6 

Irreversible  and  Irretrievable  Commitments  of  Resources  4-86 
jurisdictional  Wetlands  2-33,  2-38,  2-79,  3-9,  3-10,  4-54,  4-59 
see  Wetlands 
Land  Environment  3-2 

Land  Use  1-6,  1-9,  3-13,  4-5,  4-8, 4-15,  4-81 
Long-Term  Productivity  4-86 

Magnuson-Steven  Act/Sustainable  Fisheries  Act  2-1 7,  2-40,  2-49,  2-65,  2-79,  4-7 
see  Essential  Fish  Habitat  (EFH) 
see  Fishery  Management  Plan  (FMP) 
see  Habitat  Areas  of  Particular  Concern  (HAPC) 

Mamala  Bay  1-1, 1-4, 1-6, 1-7, 1-9, 1-10,  2-13,  2-29,  2-60,  2-68,  2-79,  2-81, 3-1, 3-2,  3-4,  3-11,3-16, 

4- 5,  4-1 8,  4-20,  4-22,  4-23,  4-28,  4-34,  4-35,  4-40,  4-42,  4-43,  4-79,  4-86,  6-3 
Marine  1-4,  1-11,  2-3,  2-7,  2-12,  2-14,  2-15,  2-17,  2-18,  2-22,  2-23,  2-58,  2-60,  2-68,  2-69,  2-79, 

2-80, 2-81 ,  3-1 , 3-2, 3-3, 3-6, 3-8,  3-9,  3-1 1,3-12,  3-1 6,  3-1 7, 4-2, 4-6, 4-7, 4-1 7, 4-1 8, 
4-1 9, 4-25, 4-29, 4-31 , 4-32, 4-34, 4-36, 4-39, 4-41 , 4-42, 4-48, 4-53, 4-54, 4-55, 4-57, 
4-60,  4-61,  4-77,  4-78,  4-80,  4-83,  4-84,  4-85,  4-86,  6-2 
Marine  Biota  2-81,  3-9,  3-12,  4-7,  4-1 7,  4-19,  4-25,  4-29,  4-34,  4-36,  4-39,  4-41,  4-42,  4-54, 
4-60,  4-61,  4-83,  4-84,  4-85 

Marine  Environment  2-12,  2-15,  2-22,  3-17,  4-2,  4-19,  4-29,  4-36,  4-86 
Marine  Life  3-8,  3-9,  3-11,  3-12,  4-48,  4-53,  4-57 
Marine  Mammal  Protection  Act  2-14,  2-18,  2-79,  4-6 

Marine  Protection,  Research,  and  Sanctuaries  Act  (MPRSA)  2-7,  2-14,  2-15,  2-29 
National  Marine  Fisheries  Service  (NMFS)  2-1 7, 2-1 8, 2-40, 2-49, 2-65, 3-1 1 , 4-36, 4-3  7, 4-55, 
4-56,  4-60,  4-70,  4-80,  4-83,  6-2 
Mass  Emission  Loading  4-25 
Memorandum  of  Agreement  (MOA)  3-1 3 

Methodology  2-1, 2-4,  2-6,  2-24, 2-42,  2-46,  2-53,  2-69,  2-78,  2-80, 4-2, 4-19, 4-20, 4-22, 4-29, 4-37, 
4-44,  4-57,  4-73 

Migratory  Bird(s)  2-3,  2-12,  2-18,  2-40,  2-79,  3-9,  4-6,  4-58,  4-59,  4-88 

Responsibilities  of  Federal  Agencies  to  Protect  Migratory  Birds  (Executive  Order  13186)  2-1 2, 
2-18,  2-40,  2-79,  4-6,  4-58,  4-59,  4-88 
Migratory  Shorebirds  3-9,  4-53,  4-55 

Mitigation  1-1 5,  2-11,2-18,  2-49,  2-78, 4-1, 4-5, 4-36, 4-37, 4-40, 4-52, 4-53, 4-57, 4-58, 4-60, 4-64, 
4-70,  4-71,  4-76,  4-78,  4-82,  4-83,  4-85 
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National  Marine  Fisheries  Service 
see  Marine 

see  Section  7  Consultation 

National  Pollution  Discharge  Elimination  System  (NPDES)  1-4, 1-9, 1-1 5, 2-14, 2-1 5, 2-45, 2-48, 2-79, 
4-20,  4-25,  4-26,  4-27,  4-28,  4-40,  4-42,  4-79,  4-86 
Native  American  Graves  Protection  and  Repatriation  Act  (NAGPRA)  2-19,  2-40,  2-41,  2-50,  2-66, 

2-79,  4-7,  4-64 

Hui  Malama  I  Na  Kupuna  O  Hawaii  Nei  2-19,  3-13,  4-64 
Office  of  Hawaiian  Affairs  2-19,  3-13,  4-64,  6-2 
Naval  Defensive  Sea  Area  4-67 

Navigation  2-1 6,  2-23,  2-39,  2-49, 2-79,  2-81 ,  3-1 ,  3-6,  3-1 6,  3-1 7, 4-1 3, 4-1 5, 4-1 7, 4-56, 4-72, 4-73, 
4-75,  4-76,  4-84 

Navy  Public  Works  Center,  Pearl  Harbor  (PWC)  1-1,  1-11,  2-4,  2-13,  2-30,  4-82 
No  Action  1-4,  1-9,  2-2,  2-4,  2-6,  2-8,  2-10,  2-46,  2-47,  2-75,  2-76,  2-77,  2-78,  2-81, 4-3, 4-15,  4-1 7, 
4-22, 4-25, 4-40, 4-42, 4-43, 4-50, 4-5 1 , 4-52, 4-59, 4-60, 4-61 , 4-64, 4-71 , 4-72, 4-75, 
4-76,4-78,4-79,4-80,4-81,4-87 
see  No-action  Alternative 

No-action  Alternative  1-4, 1-1 5, 2-3, 2-6, 2-44, 2-45, 2-46, 2-47, 2-48,  2-75, 2-79, 3-1, 4-1, 4-2, 4-1 6, 
4-1 7, 4-1 9, 4-35, 4-40, 4-42, 4-43, 4-50, 4-51 , 4-54, 4-60, 4-64, 4-65, 4-71 , 4-72, 4-75, 
4-76,  4-77,  4-78,  4-79,  4-86,  4-87,  4-88 
Noise  3-1 7,  4-5,  4-1 6,  4-1 7,  4-83,  4-84 
Nonpoint  Source  Pollution  (NPSP)  1-15,  2-45,  3-6,  3-8 
Nonpotable  Water  2-5,  2-1 3,  2-59,  2-60,  2-68,  2-72,  2-77,  3-1 5,  3-1 6 
Nonsignificant  Issues  4-15 

Notice  To  Airmen  (NOTAM)  2-16,  2-39,  2-49,  2-65,  4-1 7 
Notice  To  Mariners  (NOTMAR)  2-16,  4-76,  4-84,  4-85 

Nutrients  1-4, 2-1 , 2-4,  2-5, 2-42, 2-47, 2-48, 2-51 , 2-56,  2-60, 2-64,  2-69, 3-8, 4-22, 4-26, 4-27, 4-40, 
4-43,  4-65,  4-86 

Nutrient  Levels  4-1 8,  4-35,  4-40,  4-41,  4-42,  4-43,  4-44 
Nutrient  Removal  2-5,  2-48,  2-51,  2-53,  2-55,  2-56, 4-81 
Ocean  Activities  3-14,  4-44,  4-45,  4-46,  4-49,  4-50,  4-51,  4-52,  4-67 
Ocean  Disposal  1-9,  2-7,  2-13,  2-15,  2-23,  2-30,  2-35,  2-37,  4-16,  4-82,  4-88 
see  South  Oahu  Ocean  Dredged  Material  Disposal  Site  (ODMDS) 

Open  Coastal  Waters  1-3,  1-4,  2-1,  2-13,  2-45,  2-78,  2-81,  3-5,  3-6,  3-8,  4-4,  4-5,  4-18,  4-20,  4-21, 
4-22, 4-26, 4-27, 4-28, 4-39, 4-40, 4-42, 4-51 , 4-58, 4-61 , 4-73, 4-79, 4-82, 4-85, 4-86 
Operations  and  Maintenance  (O&M)  2-6,  2-13,  2-35,  2-36,  2-37,  2-42,  2-44,  2-46,  2-47,  2-51, 2-55, 

2- 56,  2-64,  2-71,  2-72,  2-73,  2-74,  2-78,  2-80,  4-78,  4-79 
O&M  Costs  2-6,  2-13,  2-36,  2-44,  2-46,  2-47,  2-55,  4-79 

Impacts  of  Operations  4-1 8,  4-20,  4-40,  4-50,  4-60,  4-64,  4-71 , 4-72,  4-75,  4-77,  4-78,  4-79 
Ordnance  2-17,  2-30,  2-32,  2-81,  3-17,  3-18,  4-14,  4-15,  4-36,  4-55,  4-64,  4-65,  4-67,  4-70,  4-80, 
4-83 

see  Unexploded  Ordnance 

Outfall  Replacement  1-1,  2-30,  2-36,  2-77,  3-2,  3-9,  4-40, 4-57 

Outfall  Alignment  1-4, 1-5, 2-3, 2-4, 2-1 6, 2-1 7, 2-18, 2-21, 2-22, 2-24, 2-29, 2-30, 2-35, 2-78, 

3- 3,  3-1 2,  3-1 7,  3-1 8, 4-1 8, 4-29, 4-34, 4-36, 4-37, 4-53, 4-56, 4-57, 4-58, 4-63, 4-67, 

4- 70,  4-88 

Preferred  Alignment  1-5,  2-3,  2-4,  2-20,  2-21,  2-22,  2-23,  3-7,  4-29,  4-30,  4-36,  4-56,  4-57, 
4-82 

Proposed  Action  1-1,  1-4,  1-6,  1-10, 1-15,  2-1, 2-2,  2-3,  2-4,  2-6,  2-7,  2-13,  2-14,  2-15,  2-17, 

2- 18,  2-19, 2-20, 2-37,  2-47, 2-56,  2-72, 2-74,  2-75,  2-76,  2-77, 2-78,  2-79, 2-81, 3-1, 

3- 1 3,  4-1 , 4-2,  4-11,4-1 5,  4-1 6,  4-1 7,  4-1 8,  4-1 9,  4-25,  4-35,  4-36,  4-37,  4-40,  4-42, 
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4-43, 4-49, 4-50, 4-51 , 4-52, 4-53, 4-55, 4-57, 4-58, 4-60, 4-61 , 4-63, 4-64, 4-65, 4-67, 
4-70, 4-71 , 4-72, 4-73,  4-75, 4-76, 4-77,  4-78,  4-79, 4-80, 4-82,  4-83,  4-87,  4-88,  6-1 
Proposed  Outfall  1-2,  1-3, 1-5,  2-1, 2-3,  2-13,  2-15,  2-16,  2-1 7,  2-18,  2-20,  2-23,  2-29,  2-30, 

2-33,  2-34,  2-36,  2-37,  2-54,  2-56,  3-3,  3-11,  3-12,  3-14,  3-16,  3-18, 4-14, 4-1 7, 4-18, 
4-19, 4-20,4-21 , 4-25, 4-28, 4-32, 4-34, 4-40, 4-42, 4-43, 4-55, 4-56, 4-57, 4-60, 4-63, 
4-65,  4-67,  4-72,  4-73,  4-78,  4-79,  4-86,  4-88 

Replacement  Outfall  1-1,  1-4,  1-10,  2-2,  2-4,  2-13,  2-64,  2-75,  2-76,  2-78,  2-79,  2-81,  4-3, 
4-1 6, 4-1 8, 4-22, 4-36, 4-39, 4-40, 4-42, 4-49, 4-50, 4-51 , 4-52, 4-53, 4-54, 4-57, 4-60, 
4-61,  4-63,  4-65,  4-70,  4-71, 4-72,  4-73,  4-75,  4-77,  4-78,  4-79,  4-80,  4-82,  4-86 
Pearl  Harbor  1-1,  1-4,  1-10,  1-11,  1-14,  1-15,  2-1,  2-3,  2-4,  2-5,  2-13,  2-14,  2-16,  2-22,  2-23,  2-24, 

2-26, 2-29, 2-30, 2-38, 2-39, 2-45, 2-46, 2-47, 2-48, 2-50, 2-51 , 2-57, 2-58, 2-59, 2-60, 

2- 65,  2-74,  2-75,  2-76,  2-79,  2-81,  3-1,  3-2,  3-3,  3-4,  3-5,  3-6,  3-8,  3-9,  3-11,  3-13, 

3- 14,  3-1 5,  3-1 6,  3-1 7,  4-4,  4-5,  4-6,  4-1 3,  4-1  7,  4-1 8,  4-1 9,  4-20,  4-25,  4-26,  4-27, 

4- 32, 4-33, 4-35, 4-40, 4-42, 4-44, 4-45, 4-47, 4-48, 4-49, 4-51 , 4-53, 4-54, 4-57, 4-58, 
4-60, 4-61 , 4-62, 4-63, 4-66, 4-68, 4-69, 4-71 , 4-72, 4-73, 4-74, 4-75, 4-76, 4-77, 4-78, 
4-79,  4-82,  4-84,  4-86,  4-87 

Pearl  Harbor  Entrance  Channel  1-5, 1-11,  2-3,  2-4,  2-13,  2-16,  2-21,  2-22,  2-23,  2-24,  2-26, 

2- 30,  2-31,  2-38,  2-45,  2-46,  2-58,  2-79,  2-81,  3-2,  3-3,  3-4,  3-6,  3-7,  3-8,  3-9,  3-11, 

3- 14, 3-1 5, 4-1 3, 4-1 8, 4-30, 4-32, 4-33, 4-35, 4-38, 4-42, 4-44, 4-45, 4-46, 4-47, 4-51 , 

4- 57,  4-58,  4-60,  4-61,  4-62,  4-68,  4-71,  4-72,  4-73,  4-74,  4-84 

Pearl  Harbor  Estuary  1-1,  1-4,  1-15,  2-1,  2-4,  2-5,  2-14,  2-45,  2-47,  2-48,  2-50,  2-51,  2-57, 

2- 60,  2-65,  2-74,  2-75,  2-76,  2-81,  3-1,  3-2,  3-4,  3-6,  3-8,  4-4,  4-5,  4-6,  4-17,  4-18, 
4-19,  4-20,  4-25,  4-26,  4-27,  4-40,  4-42,  4-45,  4-51, 4-78,  4-79,  4-86,  4-87 

Pearl  Harbor  Defensive  Sea  Area  1-7 
see  Naval  Defensive  Sea  Area 

Pearl  Harbor  Naval  Complex  1-11,  3-1,  3-14,  3-15,  3-16,  4-51 
Physical  Description  2-20,  2-41,  2-46,  2-51,  2-66 
Physical  Oceanography  3-2,  3-5 
Physiography  3-2 

Plume  2-20,  2-22,  2-81,  4-4,  4-11,4-18,  4-19,  4-20,  4-22,  4-25,  4-37,  4-38,  4-39,  4-41,  4-43,  4-44, 
4-58,  4-65,  4-67,  4-68,  4-70,  4-71,  4-79,  4-82,  4-86 
Surfacing  Plume  2-22,  4-71, 4-82,  4-86 
Port  Operations  4-73,  4-75,  4-76,  4-84 
Potable  Water  Resources  4-1 5 

Potable  Water  Supply  2-64,  3-4,  4-9 

Preferred  Alternative  1-4,  1-10, 1-15,  2-1,  2-78,  4-58,  4-78,  4-79, 4-82,  4-86 
Protected  Species  and  Habitats  2-1 7,  2-40,  2-49,  4-53 

Public  Health  and  Safety  2-81, 4-1,  4-15,  4-52,  4-64,  4-65,  4-69,  4-70,  4-71,  4-72 

Purpose  and  Need  1-1, 1-4,  2-78,  2-79, 4-82 

Receiving  Environment  2-13,  2-38,  2-45,  2-48,  2-60,  2-79,  4-67 

Reclaimed  Water  2-13,  2-59,  2-63,  2-64,  2-66,  2-67,  2-68,  2-69,  2-70,  2-71,  2-72,  2-73,  2-74 
Record  of  Decision  (ROD)  4-52,  6-1 
Recreational  Waters  4-4,  4-64,  4-65,  4-66,  4-67 

Reef  Flat(s)  2-1 7,  2-23,  2-24,  2-25,  2-26,  2-27,  2-28,  2-29,  2-30,  2-32,  2-35,  2-36,  3-1,  3-6,  3-7,  3-8, 

3- 1 1 , 3-1 2,  3-1 5, 4-7, 4-1 6, 4-25, 4-29,  4-31 , 4-34, 4-36, 4-37, 4-39, 4-45, 4-46, 4-47, 

4- 48,  4-49,  4-53,  4-54,  4-56,  4-57,  4-58,  4-63,  4-67,  4-71,  4-82,  4-83 
Regional  Environmental  Setting  1-15,  3-1 

Regions  of  Influence  3-1 

Regulations  1-1,  1-10,  2-5,  2-6,  2-7,  2-8,  2-9,  2-14,  2-19,  2-36,  2-40,  2-47,  2-48,  2-50,  2-56,  2-65, 
2-66,  2-72,  2-79,  4-1 , 4-2,  4-4,  4-5,  4-6,  4-1 0,  4-1 2,  4-1 5,  4-1 6,  4-1 7,  4-84 
Applicable  Regulations  2-6,  4-10,  4-12 
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Regulatory  Constraints  1-1, 2-1, 2-4, 2-1 3, 2-38, 2-45, 2-47, 2-48, 2-63, 2-74, 2-75, 2-78, 3-1 6, 
4-78 

Regulatory  Requirements  2-41,  2-48,  2-50,  2-65,  2-75,  2-76,  2-78,  2-79,  2-80 
Related  Documents  1-9 

Relevant  Environmental  Conditions  4-26, 4-45, 4-54, 4-62, 4-67, 4-73, 4-77 
Reverse  Osmosis  (RO)  2-48,  2-51,  2-59,  2-63,  2-67,  2-68,  2-71, 2-72 
Risk  and  Uncertainty  4-80, 4-82 

Rivers  and  Harbors  Act  2-7,  2-8,  2-9,  2-14,  2-16,  2-45,  2-48,  2-79 
Roads  and  Traffic  3-16, 4-10 
see  Traffic 

Salinity  2-5,  2-59,  2-66,  2-67,  4-22,  4-27,  4-41, 4-76,  4-77 
Scoping  2-3,  2-4,  4-1, 4-15,  6-1 

Section  7  Consultation  2-1 7,  4-36,  4-55,  4-70,  4-80,  4-83 
see  Marine,  National  Marine  Fisheries  Service 
see  Outfall  Replacement 

Sediment  2-24,  2-27,  2-30,  2-75,  3-4,  3-6,  3-9,  4-20,  4-26,  4-27,  4-34,  4-39,  4-40,  4-66,  4-68,  4-70 

Seismic  Hazards  4-4,  4-1 7 

Short-Term  Use  of  the  Environment  4-86 

Significance  2-78,  3-1 3,  4-1 , 4-2, 4-7, 4-8, 4-1 5, 4-1 7, 4-1 9, 4-20, 4-22,  4-45,  4-54,  4-62, 4-65,  4-66, 
4-73,  4-77,  6-1 

Significance  Factors  2-78,  4-1,  4-2,  4-19,  4-22,  4-45,  4-54,  4-62,  4-65,  4-73,  4-77 
Significant  Issues  3-1, 4-2, 4-17 
Socioeconomic  Environment  3-14,  4-11,  4-12 

Socioeconomics  2-20,  2-41, 2-46,  2-50,  4-2,  4-43 
see  Environmental  Justice 
see  Ocean  Activities 

Soils  2-22,  2-23,  2-64,  3-2,  3-3,  3-9,  4-3,  4-16,  4-66, 4-81 

South  Oahu  Ocean  Dredged  Material  Disposal  Site  (ODMDS)  2-14,  2-15,  2-29,  2-30,  2-35,  2-79 
Standard  Operating  Procedures  (SOPs)  2-41,  2-50,  2-66,  4-10,  4-12,  4-15,  4-16,  4-79,  4-87 
Subsurface  Injection  2-4,  2-32 

see  Underground  Injection 
Surface  Water  Quality  4-4 
Terrestrial  Fauna  2-1 7,  3-9 
Terrestrial  Flora  2-1 7,  3-8,  4-53 
Terrestrial  Wildlife  4-54,  4-60 
Topography  3-2 

Traffic  2-2,  2-1 6,  2-26,  2-32,  3-1 6,  3-1 7,  4-10,  4-1 3,  4-1 6,  4-1 7,  4-76,  4-83 
Treatment  Plant  Upgrade  2-2,  2-3,  2-4,  2-5,  2-8,  2-9,  2-10,  2-47,  2-48,  2-49,  2-50,  2-51,  2-56,  2-75, 
2-76 

Bardenpho™  2-51,  2-52,  2-55 

Turtle(s)  2-1 7,  3-11,4-6,  4-18,  4-32,  4-33,  4-34,  4-36,  4-41,  4-53,  4-54,  4-55,  4-57,  4-60 
U.S.  Army  Corps  of  Engineers  (USACE)  2-14,  2-15,  2-29,  2-38,  3-9,  6-2 
U.S.  Coast  Guard  (USCG)  2-16,  2-79,  4-84 

U.S.  Environmental  Protection  Agency  (USEPA)  1-4, 1-1 0, 2-4, 2-7, 2-14, 2-1 5, 2-29, 2-30, 2-55, 4-69, 
4-70,  6-2 

U.S.  Fish  And  Wildlife  Service  (USFWS)  2-12,  2-17,  2-18,  2-40,  2-49,  2-65,  3-11, 4-54,  4-55,  4-58, 
4-59,  4-60,  4-88 

Ultraviolet  (UV)  1-11,  1-14,  2-41,  2-59,  2-68,  2-72,  2-73,  2-74 
Unavoidable  Impacts  4-86 

Underground  Injection  1-4,  1-15,  2-2,  2-3,  2-4,  2-8,  2-9,  2-16,  2-32,  2-37,  2-38,  2-39,  2-40,  2-41, 
2-42,  2-43,  2-44,  2-59,  2-60, 2-65,  2-71,  2-75,  2-76,  2-77,  2-79,  3-1, 3-2,  3-14, 4-1,4- 
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2, 4-3,  4-1 5, 4-1 6,  4-1 7, 4-1 8,  4-1 9,  4-22,  4-35, 4-40, 4-41 , 4-42, 4-43,  4-50,  4-51 , 4- 
52,  4-53,  4-59, 4-60,  4-61 , 4-63, 4-64, 4-65, 4-70, 4-72,  4-73,  4-75,  4-76,  4-77, 4-78, 
4-79,  4-80,  4-81,  4-82,  4-86,  4-87,  4-88 

Injection  Well(s)  2-4,  2-5,  2-16,  2-37,  2-38,  2-39,  2-40,  2-41,  2-42,  2-44,  2-59,  2-60,  2-64, 

2-65,  2-68,  2-69,  2-71,  2-72,  2-80,  3-14,  4-6,  4-7,  4-8,  4-9,  4-17,  4-18,  4-40,  4-41, 
4-42, 4-43, 4-50, 4-51, 4-52, 4-54, 4-59, 4-60, 4-61, 4-63, 4-64, 4-65, 4-75, 4-79, 4-81, 
4-86 

Underground  Injection  Control  (UlC)  2-8,  2-9,  2-16,  2-39,  2-65,  2-79,  4-65,  4-77 
Unexploded  Ordnance  (UXO)  2-30,  3-1 7, 4-70 
Projectile  2-1 7,  3-1 7,  3-18,  4-36,  4-70 
see  Ordnance 
Unresolved  Issues  4-86 
Utilities  2-70,  3-15 
Visual  Impacts  4-8 

Wastewater  Treatment  Plant  (WWTP)  1-1,  1-2,  1-3,  1-4,  1-6,  1-7,  1-9,  1-10,  1-11,  1-12,  1-13,  1-15, 
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Appendix  ll-b 

Notice  of  Intent  Distribution  List 


ROICC  Pang  Hiram 

MIDPAC 


Sea  Rocheleau  Bob 

Engineering 


Stale  Capitol  Cachota  Representative 

Romy  M. 


State  Capitol  Craulty  1  Senator  Rey 


State  Capitol  Ige  I  Senator  David  Y. 


State  Capitol  Iwase  Senator  Randall  Y. 


State  Capitol  Mizuguchi  Senator  Norman 


State  Capitol  Pepper  Representative 

Leonard  J. 


State  Capitol  Takumi  Representative  Roy 

M. 


Address 

Phono  number 

Department  of  Public  Works 

City  &  County  of  Honolulu 

650  Sooth  King  Street,  11th  Floor 
Honolulu,  HI  96813 

523-4341 

ROICC  MIDPAC 

Box  104 

Pearl  Harbor,  HI  96860 

471-2221 

Sea  Engineering 

Makat  Research  Pier 

Waimanalo,  HI  96795 

259-7966 
259-8143  (fax) 

State  Capitol 

415  S,  Beretania  Street 

Honolulu,  HI  96813 

586-6110 

State  Capitol 

415  S.  Beretania  Street 

Honolulu,  HI  96813 

586-6670 

State  Capitol 

415  S.  Beretania  Street 

Honolulu,  HI  96813 

586-6230 

State  Capitol 

415  S.  Bcrcinnia  Street 

Honolulu,  HI  96813 

586-670 

State  Capitol 

415  S.  Beretania  Street 

Honolulu,  HI  96813 

586-6870 

State  Capitol 

41 S  S.  Beretania  Street 

Honolulu,  HI  96813 

586-6320 

State  Capitol 

415  5,  Beretania  Street 

Honolulu,  HI  96813 

586-6170 

Organization/  Addr^sec  :  "  Address^' 

Dept.  :  dastiiame)  (firstnamc) 


State  Planning  j  Pai  I  Mr.  Gregory 


Transportation  ]  Fujikawa  J  Mr.  Thomas 


U.S.  Kaneshiro 

Department  of 
Agriculture 


U.S.  Dept,  of  Meyer 
the  Interior 


Univeristyof  Harrison  PHD  John!. 
Hawaii 


Univeristy  of  HeIsley  Or.  Charles  E. 

Hawaii 


Chief 

Harbors  Division 

State 

Conservationist 

Natural  Resources 

Conservation 

Service 

District  Chief 

Geological  Survey 
Water  Resources 
Div. 

Ecoregion 

Manager 

Fish  &  Wildlife 
Service 

Regional 

Administrator 

U.S. 

Einviron  mental 
PToiectton  Agency, 
Region  IX 

Manager 

Pacific  Islands 
Contact  Office 

Director 

Environmental 

Center 

Director 

Sea  Grant  College 
Program 

Address 

Phone  number 

Office  of  State  Planning 

State  of  Hawaii 

415  S.  Beretania  Street,  Room  409 
Honolulu,  HI  96813 

587-2846 

Department  of  Transportation 

79  S.  Nimitz  Highway 

Honolulu,  HI  96813 

507-1930 

U.S.  Department  of  Agriculture 

P.O.  Box  50004 

Honolulu,  HI  96850-0001 

541-2600 

U.S.  DepL  of  the  Interior 

677  Ala  Moana  Blvd.,  Suite  41 5 
Honolulu,  HI  96813 

522-8290 

U.S.  Dept,  of  the  Interior 

P.O.  Box  501 56 

Honolulu,  HI  96850 

541-2749 

75  Hawthorne  Street 

San  Francisco,  CA  94105 

U.S.  Environmental  Protection 

Agency 

300  Ala  Moana  Blvd.,  Room  5124 
Honolulu,  HI  96813 

541-2710 
541-2712  (fax) 

University  of  Hawaii 

2250  Campus  Road,  Crawford  317 
Honolulu,  HI  96622 

956-7361 

University  of  Hawaii 

1000  Pope  Road,  MSB,  Room  220 
Honolulu,  HI  96822 

956-7031 

Comments  Receive 
received?  OEtS/F£IS? 


Appendix  ll-c 

Notice  of  Intent  Announcement 


Honolulu-Star  Bulletin  Honolulu  Advertiser 


Appendix  ll-d 

Scoping  Meeting  Attendance  Records 


ATTENDANCE  RECORD  -  PLEASE  PRINT  LEGIBLY  Page  _L  of  ^ 

Public  Hearing  -  DEIS  for  Proposed  Construction  of  a  Replacement  Outfall  for  the  Wastewater  Treatment  Plan:  at 
Fort  Kamehameha,  Pearl  Harbor,  Oahu,  Hawaii 
October  1,  1996,  7:00  p.m.,  Washington  Intermediate  School  Cafeteria 


ATTENDANCE  RECORD  -  PLEASE  PRINT  LEGIBLY  Page  of 

'Public  Hearing  -  DEIS  for  Proposed  Construction  of  a  Replacement  Outfall  for  the  Wastewater  Treatment  Plant  at 
Fort  Kamehameha,  Pearl  Harbor,  Oahu,  Hawaii 
October  1,  1996,  7:00  p.m.,  Washington  Intermediate  School  Cafeteria 


-FORW." 


ATTENDANCE  RECORD  -  PLEASE  PRINT  LEGIBLY  Page_Lo 

Public  Hearing  -  DEIS  for  Proposed  Construction  of  a  Replacement  Outfall  for  the  Wastewater  Treatment  Plant  at 
Fort  Kamehameha,  Pearl  Harbor,  Oahu,  Hawaii 
October  2,  1996,  7:00  p.m.,  Makalapa  Elementary  School  Cafeteria 


Appendix  ll-e 

Scoping  Meeting  Group  Memories 


ENVIRONMENTAL  IMPACT  STATEMENT  FOR  PROPOSED  OUTFALL 
REPLACEMENT  FOR  THE  WASTEWATER  TREATMENT  PLANT  AT 
FORT  KAMEHAMEHA.  PEARL  HARBOR.  OAHU,  HAWAII 


Need  to  survey  the  reef  environment  and  select  the  alternative  which  does  the  least 
damage. 

Movement  of  the  outfall  further  out  may  have  a  positive  effect  on  the  reef. 
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Written  Scoping  Comments 
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Appendix  li-g 


DEIS  Distribution  List 


OrganizAtion/Oept. 


Organization/ 

Dept. 

Address 
(last  name) 

;  Addressee 
(first  namcji"'; 

Public  Works 

Sprague 

Dr,  Kenneth 

ROICC 

MIDPAC  i 

! 

Pang 

Hiram 

Sea 

Engineering 

Rocheteau 

Bob 

State  Capitol 

Cachola 

Representative 
Romy  M. 

State  Capitol 

Craulty 

Senator  Rey 

State  Capitol 

Ige 

Senator  David  Y. 

Stale  Capitol 

Iwase 

Senator  Randall  Y. 

State  Capitol 

Mizuguchi 

Senator  Norman 

State  Capitol 

Pepper 

Representative 
Lennard  J. 

State  Capitol 

Takumt 

Representative  Roy 
M. 

pxnmcnu  Itectlve 
,  itceWed?  '  DEIS/FEIS? 


Department  of  Public  Works 

City  &  (jaunty  of  Honolulu 

650  South  King  Street,  1 1  th  Floor 
Honolulu,  HI  96813 

523-4341 

ROICr  MIDPAC 

Box  104 

Peart  Harbor,  HI  96860 

471-2221 

Sea  Engineering 

Makai  Research  Pier 

Walmanalo,  HI  96795 

259-7966 
259-8143  (fax) 

State  Capitol 

415  S.  Beretania  Street 

Honolulu,  HI  96813 

586-6110 

State  Capitol 

415  S.  Beretania  Stre^ 

Honolulu,  HI  96813 

586^70 

State  Capitol 

415  5.  Beretania  Street 

Honolulu,  HI  96813 

58&6230 

State  Capitol 

415  S.  Bereunia  Street 

Honolulu,  HI  96813 

586-670 

Slate  Capitol 

415  5.  Beretania  Sheet 

Honolulu,  HI  96813 

586-6870 

State  Capitol 

415  S.  Beretania  Street 

Honolulu,  HI  96813 

585^320 

State  Capitol 

415  S.  Beretania  Street 

Honolulu,  HI  96813 

586-6170  ! 

®  scoping  metg 


Organization/  AddrcssM . 

Dept  0astnaine) 


Slate  Planning 

Pai 

Mr.  Gregory 

Director 

Transportation 

Fujikawa 

Mr.  Thomas 

Chief 

Harbors  Division 

U.S. 

Department  of 
Agriculture 

Kaneshiro 

Mr.  Kenneth  M. 

State 

Ccmservationist 

Natural  Resources 

Conservation 

Service 

U.S.  Dept,  of 
the  Interior 

Meyer 

Mr.  William 

District  Chief 

Geological  Survey 
Water  Resources 
Div. 

U.S.  Dept  of 
the  Interior 

Smidi 

Mr.  Robert 

Ecoregion 

Manager 

Fish  &  Wildlife 
Service 

U.S.  EPA 

Marcus 

Ms.  Felicia 

Regional 

Administrator 

U.S. 

Environmental 
Protection  Agency, 
Region  iX 

U.S.  EPA 

Tsuhako 

Ms.  Vicki  H. 

Martager 

Pacific  Islartds 
Contact  Offi(» 

Univeristy  of 
Hawaii 

Harrison  PHD 

johnT. 

Director 

Environmental 

Center 

Univeristy  of 
Hawaii 

Heisley 

Dr.  Charles  E. 

Director 

Sea  Grant  College 
Program 

Cofium^ts 
received?  ; 


Receive 

pElS/FEiS? 


Office  of  State  Planning 
State  of  Hawaii 

415  S.  Beretania  Street  Room  409 
Honolulu,  HI  96613 


Department  of  Transportation 
79  S.  Nimitz  Highway 
Honolulu,  HI  96813 


U^.  Department  of  Agriculture 
P.O.  Box  50004 
Honolulu,  HI  968504X)01 


U.S.  Dept  of  the  Interior 
677  Ala  Moana  Blvd.,  Suite  415 
Honolulu,  HI  96B13 


U»S.  Dept  of  the  Interior 
P.O.  Box  50156 
Honolulu,  Hi  96850 


75  Hawthorne  Street 
San  Francisco,  CA  941  OS 


U.S.  Environmental  Protection 
Agency 

300  Ala  Moana  Blvd.,  Room  5124 
Honolulu,  HI  96813 


University  of  Hawaii 

2250  Campus  Road,  Crawford  317 

Honolulu,  HI  96822 


University  of  Hawaii 

1000  Pope  Road,  MSB,  Room  220 

Honolulu,  HI  96622 


541-2710 
541-2712  (fax) 


Appendix  ll-h 

Notice  of  Availability  Announcement 
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Appendix  ll-i 

DEIS  Public  Hearing  Attendance  Records 
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Public  Hearing  -  DEIS  for  Outfall  Replacement  at  the  Wastewater  Treatment  Plant  at 

Fort  Kamehameha,  Navy  Public  Works  Center,  Pearl  Harbor,  Oahu,  Hawaii 
December  17,  1997,  7:00  p.m.,  Radford  High  School  Library 


Appendix  il-j 

DEIS  Comments  and  Responses 
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without  the  negative  impact  of  brine  disposal.  in  deeper  ocean  waters,  the  monitoring  requirements  may  even  be  reduced  as  the  anticipated 

diffuser  location  would  better  suited  to  assimilate  the  waste  in  the  effluent. 

Response:  The  Navy  generally  supports  the  principle  of  reusing  wastewater  effluent.  In  the 
case  of  fort  Kamehameha.  however,  reuse  of  the  treated  effluent  would  be  difficult  to 
accomplish  for  the  following  reasons.  First,  the  high  salinity  of  the  Influent  makes  it 


Sampling  and  analysis  costs  are  Included  In  Table  2.2-1  for  the  no-action  alternative  and  In 
Table  2.3-3  for  the  proposed  outfall.  These  costs  are  based  upon  Information  from 
operations  personnel. 


t 


c»» 

•4 


2  g 

UJ  O 
-r  o 
£  z  5 

h-  OCE 
LL  “  S 

O  ^  s 

^  o  o 


z  i 

UJ  < 


h- 

oc 

< 

£L 


^  JC 
3 

—  OO  f 


o  +->  CO 
£:  n:  oj  « 

V)  <D  CO 

-r-  C  «<-  c-  »-( 

C  <U  O  *->  CO 

O  E  _ 

4->  >>  cr> 

■  i_  Z/  cn 

h-  03  c  c: 

Q.  3 

^  O)  o  X 

cj  Q  o 

C  03  T5  5  3 

4->  C  C  3  ^ 

03  -f-  03  O  3 

tl,  C  CO  »“ 

c  >>  o 

*  CD  +.3  C3  c: 

t_  r-  -r-  t/3  O 

s:  Q-  o  CO  X 


oc  o: 

St±! 


UJ  ^ 


11 


CO  < 


^  a 

-f-  »*- 

OJ  03 

C_  ffl 

2 


QJ 


C  4->  O 

u  • 


u)  a>  (/> 

**'8  4=-? 

^  T3  -D  O 
<«-  4^  Q. 

O  •»- 

CO  <u  •— 

•  •'”>  CO  03 
UJ  O  a>  -r- 

o  t~  o  u 
CLX>  a> 
(U  o. 

x:  oj  t-  w3 
4-3X0 
>J  C  CO 
0>  -M 

C  4-»  *  -»- 

-r-  03  CO 
X3  x:  C  T3 
c-  4-3  c-  c: 
03  a>  03 

o  c  c  t- 
t-  <u  o  <u 

E  U  4J 

*  to  cz 

r-  CO  >>  oj 
CXI  o  (J  CJ 
CTv  CO 

rH  *0  I—  C 

m  O  03 
CL  JD 


CSJ  I-  _ 

3  c-  :=> 

t-  o  o 

I  ^ 

E  i 

O  "O  4-»  •r- 

<u  OJ  U  c. 

O  r-  (U  CL 


3:  a:  • 
O  h-  oc 
ai  o 

Qi  CO 


U-  ex 
0  3  0. 


O  C  O  JZ 

J4:  _  -M 

t-  o  c 

03  03  03  C- 
4-3  O 

+J  03  O.  ‘3- 

^  =  ^  c: 

03  03 
t.  -  U 
3  C  Oi  CL 

o  o  c 

>>  f-  03  4J 
4J  CU  C 
«-  O  O) 

£  “”4^  g. 

*o  «*-  o 

3  03  f- 
O  CJ  O  <U 
>>  C  03  > 
Oi  CL  O) 
t-  CO  C3 
C  03 
03  ' 


03 


>>  O)  03 
C  JZ  L. 
03  4-3  03 


x>  at 

c  c 

cy  CO  T-  03  ^ 


•*“  CO 

03  •«-  CO  UJ 
X  4->  O 
03  C  </) 
CO  X>  03 
•r-  03 

Q-SZ 
ro  r-'  r-  ^ 
03  -p-  O 
U  5  03  03 
03  t_  > 


o  4->  W  '  O 
4-  4-3  4-» 

03  o  4-3  cr 

X  CO  C  03  +-» 

*"  «,  I  142 

03 x:  03  cx>^ 


§  eij^E  . 

•t-  ro  03  H-  T-  to 
4-3  Q.4-3  t-  t-i 

•r-  4->  E  =J  4J  UJ 
T3  C  -r-  o  CO 
£  03  T-  03 

8 g^S 

03  4-3  c:  03 


'  gj  03  •( 

>  lO  E  -C 

3  _  C  4-3 


4-3  03  L.  L, 


,*s 


o  ^ 

03  r- 
4-3  ^ 


e 

•  </3 
CO  C 


CO  03  C  O  03  03 

03  CJ  E  C- 

03  -  03 

to  4-3  O  C_  CO 
4-  »— •  4-  4-3  4J 

O  UJ  03  »—  c 

Q  U  1_  ^  03 

>»  “O  <0  'C  E 

U  03  03  jB  =3 

03  X  r-  >»  U 

>  4-3  <o  CO  O 

o  4-3  CO  *-•  x> 

U  C  C  -r-  UJ 

CO  T-  03  X  O  4-3 

^  -o  §  S 

o  CO  *0.  O  C  O' 

4-3  Q  CL  •!- 

Q.  3  ♦—  03  CO 

03  O  CO  r—  -r-  X 

=3  ^  t  3 

O  0.<  4-  O  CO 


■  CO  03 


cr  e 


3  O 

o 

>3  00 

Sg 

O  T~f 
X  r- 
CO  ^ 


O  O  CO 
4JO^ 

O  03  CO 
O  CD  VO 


Honolulu.  HI  96813 


iPS 

3”  5 

O  <D  _ 
iO  i/)  9 


lO  r- 

2  S 

u  t>  (—  n 

•t-  QJ  O 

o  c  . 

«  o  ^ 

<U  V 


Q)  U>  O  4->  CO 
JO  ^  ^  ^ 


O)  r> 

-«-»  0“ 
(/>  y 
.  c. 

-  c  S' 

x:  o  S  X 

4.3  4.^  U 
<U  c  X  ■ 

.  S  S 


»o 


£ 


X>  LU 


X  < 

UJ 

IL 

f“  < 


O  t—  QC 

Ho.3 

>  UJ  a. 


uT  2? 


§’-§1 


^  w  J 

§ 


s 

0)0).^  • 
-»-  0»  >» 
U  40  40  «— 
4J  Q.:*  Cl 
Z  C  N-  ^ 

t  o  4-> 
.. 

to  W  1“  ex 

»  4J  3  W> 

c  o  <u 
”5  E  *- 
^  o 

01 


S  S  ^  o 

rr.lt  ^ 

S'  r— 

C  -o  to 
•*-  W  C  CM 
4J  a>  (o 
trt  1-  r—  lO 
t-  X  w»  c 
r-  i-»  *-«  40 

40  E  TO  *«■ 

•♦-»  o  C  XJ 


rjD  s. 

Seg.. 

Gl  4“  C 
01  4^  H-  O 
«  «  »— 
«  3:  01 4— 

01  (u  x:  « 
^  4J  h-  oi 
CL  t/| 


1^1 


X  P>  UJ 

•o  01  o 

■p  01  4J 

(P  x;  c  01 

*j  tfl  ■»-  x: 

£i  i  p 

443  40  Ol  01 
^<0X4-1 
X  -M  40 


.C  J_  — 

4-»  O  .O 


'S. 


..  4.1  •»- 

4J  V-  C  »*- 

g  O  It;: 

1  P  3  6 

PI  V.  <Q  Ol 
K  ex 

§  “’g  = 

CEP 

ii5  8® 

oi  X  -o  r« 

ti;  O  P  'O 
P  X  X  O 

®  «x  4-1  E 

01^ 
.  gi 


■5  S 


•4-  <♦-  > 


^  c  ^ 

O  O  O  4J 
X  WJ  o 
Ut  *J  Ci 

40  40  *>-3 

54^4^2 

■O  ^  ^ 

01  4J  C. 
C  40  40 

g«s  = 

g_-o  o 

O  01  M  4J 
«*-  u  -4“  t. 

«-  X  40 
«41  3  O. 

TO  *2 

^  4-4  4U  ^ 


'S.s 


CL  O  4^  X3 
_  CL  *0  Ql 

s*  -H  e 

tn  T3  **“  «£ 

4^-  ^  ^ 

4.1  -4-3  to 
01  X  VO  40 

S  ^  :s* 

o  X 

CL  «(}  4-> 


X>  +J 
0>  V- 
t/>  40 


OL  40  . 
*-> 
4J  C 
C  (U 

il 


s  ^  g  01 

4—  3  X  fli  L.  CO 

40  t/l  ‘  ■  ' 

4*“  < 


.  ^  01  4.4  T3  4-4  *0  ^ 


f—  ^  01  o 


t'l 

L-  »—  4-4 

O  ^  C 

<0  CO  O 
■  —t  o 

LU  Xl 


X  C 

pi 


40  P 


O'  P 

“O  -4-  trt 

0)  U  X 
3  0  3 


■—  X  V- 
4J  Q) 

o  o 
r-  to  -a 

fc-  *1  •»-  4-4  C 

o  H-  3^  *=  40 

•4—0  P 
4.4  V)  t/) 

^  to  0.4-1 

XJ  P  4-.  .r-  LU 

C  X  tu  o  o 

O  4-4  o  P  to 

VI  to  s- 

•O  P 

4~-  c  4—  x: 

•4-  3  4-4  4— >  4.1 

o  o  c  < 


cr  4-1 
42  a 

*o  VJ 


P  O 
C  4U  V. 

C  to  i~ 

« ta 


O  P  4U 
O  4—  40  X 

6  trt 

Zf ^  • 
^  s.? 

i-2*^ 

X  OIX 

8  sr 

^  X  tn 


p  p 


■o  to 

O  UJ 


5  .i' 


p  cr» 
trt  o 

40  Ot 

P  Lf> 


p  .  4~  .— 

I  4U  P  P  4U 

:  p  CD  u  tn 

)  4J  c  p  p  . 

:  t/>  P  t.  3 


p  p 

as 


>>  e 

C  1/3 
P  X 


T3  O 

—  p 

3  V~ 


P  3  03 

p  a  ^ 


O  O  P  — 
4-4  0^3 

>t  +J  O 
CX—  O  C 
O  P  CO  O 
VU  CQ  VD  X 


>  3  o  -i  ® 

tl  “Il 

^  I  fi  o  a 

S  o  t;  o  w 
vj  2  S*  o  3 
2  M  Q  p4  a< 


S'fe 

eg 

4. 

«  f5  43 

E  ^  1 

£  b  i 

«0  01 

■  4-  4! 

I 


I 


o  «  i  . 

SLilS^ 

e  u 


Bt  P  ^ 

e  S  r 

»-t  .S  3 


«d  4J 


s-fe 


s  *2  g 

p  9  Oif 

^  O  Z 

^  w  c 

*=  p  I 

s  § 

fi.  ot 

«  p 


u 


5l«ls 


.jd^ 

3 

W 


I 

1 


S  I 

o  ^ 

-Cs  &  O 

|lf 
fill 

<S3i§. 

laSJ 
^  Is-a 

I  ®  1 1 

?-rii 

■«r  I  I  « 
JJ  S  t  i 
gH  a  S' 
«  I  I  fe 

•I  s  ^  i 

.2  g  TJ  :§ 

a'E 

rt  g  J2  C 

■li  S'l 

TW  GO  c 
4.1 00 
*c  S  « 

>  I  2  § 

p  5  g  w 

II  f.l 

pur  ^  c;  p4 


§ 

"o 

w 

I 


CO  "T 

o  fO 

.S  c«l 

2 

Cj4 

O  <0 
po  e 
.§  .9 

-C  o> 

0*5 

g3 

CA 

£ 

r  *3 

ts  fe 
iS  ^ 

i! 

p  «x 
o>  - 

s  ^ 

■5.  s 

S  u 

•I'S 


St 

p  o 

S  'O 


O  i 

tSrn 

►3  v-i 


Belt  Collins  Hawaii 

680  Ala  Moana  Boulevard.  1st  Floor 

Honolulu.  HI  96813-5406 


o 

in 


q: 

2e 


>  I 

1  I  i 

f  gi.2 

r~  o  cc  5  = 

u-  «a!-< 
O  2rzJ  I 
.  °  g  5  ^ 

Z=52§ 

III  C 2|  - 

2  i  E  “ 

c  § 

<  5 

0. 


£  = 


•r*  TJ 
•—  C 

n 


3  -M 

o 

c  • 

O  4-* 

a:  o 

SfS 

O  4->  OO 


•  c  g 

:8- 


cr> 


s:  Q  cj  u>  ^ 


2S 


«ti  tJ 

4->  a> 

O  C  -M  •  V» 

I  l^tj  a 

^  4->  ■/"  P 

<o  «t>  1.  C 

<U  TJ  4->  O. 


t:  >- 

sg 


sS 


< 
S:  — < 
z:  gl 


<C  i-J  <c 

sii 

ii« 

o 

t-i  C£  CD 
^  LU  QC 

a: »—  < 
uj  ae 

s^a 

O  3:  Q. 


u  p  u 

O  4-»  -f-  »  p 

<♦-  ‘S  U  U_  4-> 

^  i  4->  n> 

to  fij  V)  (U  r-' 

•— '  4J  •<-  JC  3 

^  I/)  o  •<->  pt 

0(0  p 

0,=* 

^  <U  XI  4-» 

4J  x;  >M  4^  O 

5  c 
o>  >3; 

C  4J  U  W 
(O  Q>  TJ  <1> 
TJ  ^  t/}  P  o 
L.  4->  P  4>>  T) 
(O  1, 

D)  4->  Qu  -f-  p 

PC  e  o 
c  p  ^  E  C 

E  «o  p  (O 

*  V>  C  Q.  C 
tn  <li  f- 

<T\  P  *0  P  "O 

o>  to  P  c  t. 

•— (  trt  Li_  (O  O 

•o 

•  TJ  to  p 

-"a-  c  c  p  to 

,  3  «0  1-  O 

t-  O  3 

P  >>  >,  +J  TJ 

-Q  ^  C  U  C 

€  P  TO  3  m 

P  0>  4->  l_  ^ 

O  X3  W 

P  P  r>-  to  to 

O  r— 

■5 

O  C  •-<  P  >r- 

Xi  •  O 

1-  U  U.  to 

P  TO  P  P 

■♦-»  TJ  to  x: 
4>>  P  P  3  4J 

P  ZZ  c 

f~  O  (~  4J 

t.  .  E5 

3  c  <j  *-> 

>»'^  TJ 

g g 

O  TO  C  "O  4-> 


P 


to 


^  TJ  ^  TO  _ 

3  P  O  p 

o  o  t-  >v'a 

>»  c  Q.  C*  c 

P  TO  3 
^  C  4->,  4-> 


TO 


4^  ^ 

p  ^  -j^  f—  <j 


l~  t-  Q.  E  TO  TO 


II 

'•?e 
I  to  •♦- 
I  p 


p  ° 
XI  TJ 
-M  C 


‘  *8 

^  c'  8  ^  </> 

TO  •«-  to  *--* 
P  -1“  to  UJ 
»—  JQ  ^  +J  Q 

IS 


3  TO  t— 

°  gs 

*TO  ^ 
C  ^  t/J 

O)  O  UJ 

to  O 

C  I  CO 
O  4->  w 

p  o  4J 

XI  to  c 

p  e 

gss 


i  § 

c' 

iti 

c 

TO  O 


£  P  •*-»  • 

o  t,  u 

-r-  TO  TO  » 

a  *.% 

IS- 

O  E  .— 

O  C  TO 

o>  +-> 


to  _  V. 

^  5  "2 
'5  =-c 

to  TO 


P 

TO 

.  <tO  4-1 
4-  4. 

O  U  TO 

^  CD  *“ 

>»  T3 
C  p  ^ 
P  XI  «— 

>  4-»  TO 
O  4J 

O  C  C 
to  f-  p 

^  Ti  P 
p  «— 

O  to  Q. 


R! 


P  o  to 
d  cx< 


E 


U 

TO  r^. 
4J  TO- 


l«i:!2 

3  4<>  UJ 
O  to 

•r-  p 

2^5 

C  P 


O  «  i  1 

i  *S 


P  C  TO  4^ 

>  *r-  r—  to  P 

©TOP  p  .— 

O  £  t,  3  •(- 

_  P  CJ-  E 

O  L.  lO  •r^ 

-*->  ti  >>  to 

r-  C  C  U 

u  #—  p  <n  (Q 

TO  -r-  E  U. 

P  S  5  p 

>>  O  >  >t 

t/J  O  TO  S 

v> 

•(”  UJ  u 

JC  O  4^  3  0- 

4J  C  O  * 

r—  p 

4-  TO  3 


S’ 

r-  cn  to 
r—  -J-  xa 


JO  3  CO 

Z  O  to 

TO  CD  O' 
X 


28^3 

^4J  'o 


; 


*d 

c 


JS  t 
ss  c 

pii 

fl) 

c  « 

O  Q 
O  •Ht' 
A  <M  a  4J 
to  0-H<ri 

to  >  H 

NO  « 

h  S 

10  XiTi 
U  M  44  H 
<0  -H  <0 

/  ao  > 

tH  O  «  (0 

S  Q  a  ss 


<0 

to 

to 

<0 

Ui 


u 

to 

o 

Q 


o  o 

•nji 
JC  u 
>  to 
X 


iH  Vi 

<0  to 

<M  4) 

•p  a 

:o 

g>S 

XJ  ^ 

-I 

JS  V 
•p2 


o  <M 

o  « 

fO 

‘'I 

•H  0) 

^4  to 


O  <0  o 

OH^ 

tO+J 

l4  ^ 

O  2  ^ 

t,  a  c 

^  to  c3 

44 


*»>  H  *> 

«t!g5' 

Q  ao 


I 


I 


if 


>  i 

O  m 


S  2  I 

£  I  ^  9  I 

iiii  11  i 
liiliiliiii 

Bussissyii® 

iiilillll 


Z, 

I  Pu 
Q  W 
J  cd 


u  § 

S  I 

o  c  o  o 
<u  o  u  o 

J-i  -H  n 
•H  m 

Q-H  C  « 
>  -r^  o 
dl'H  U  10 
C  Q  0)  00 

•H  <u  VO 

4J  0>  C  o^ 
U  C  -H 
<  -H  cn-H 
C  C-H 
-  C  W  05 
rt  CD  5 
rH  03  rt 
05  04  <D  s 
-h 

O  IH  U  V 

D  05  -H  ^ 

4J  o 

•  c  -H  ja 

>•  0)  u 

^  E  05  05 
>4  c  ci4  ac 
(U  o 

5>l  I— J  rH 

c  -H  (d 
05  >  >  05 
JJ  C  05  (1) 
Cfl  W  S  04 


o  o\ 
05  ( 


<0 

n.  ‘H 

2 
^  5 
c  ^ 

e 

4J 

05 

**  ’3 

H  o| 
^  .1 

1*9 

®  iSi 

4J  w 


N  B  S  “ 

n  * 


- 

C  J3  2  H 

c  ««  *SI 

P  ‘  0  J5  _ 

-H  o  4J  si 

g2§“ 

cq  rH  6 


OS 


Jj  04  ^ 

u-j  O  05  uj 

P  Q«lJ  «1 

O  «  3  O 

Q  Q  g  Cu 


u 

•  c  c 

O  05  U  o 

S  U  O  -H 
0)  'H  <u  4J 
*H  <U  rH  05 

> rH  ao  o 

(D-H  o 

Di  b  <  04  tJ] 


5 

OJ 

-H 

> 

0) 

o 

>H 

05 

>-1 

^  3 

c2 

|i 

O  iJ 
(6 
fl)  Xl 
j-TO 


44.  W 

2  05 

3  a 

E 

™  I 

O  -H 
«w  > 
C 

=5W 

05 
V» 
C  Q 
05 

£  4J 
£-  O 
0) 
*n 
J3 
3 


Vh  TJ  <l) 

0)  rH  0) 

JJ  3  ^ 
0<4H 
S  XI 

COrH 

O  *  ^ 
o  (0  4H 

0) 

0  0) 

U  0} 

3  05 
0)  O  (U 

Q  01  rH 
P  04 

g  o 

o  ^  M 

O  01  iJ 
4J  d 
05  01 
U  ^  £ 

3  E 
O  O  O  • 
JJ  U  00 

»b  5h  cJ 
O  Ol-rH  O 

X)  01  I 

s.  05  Jd 

SrH  JJ  00 

O  S 

O  5h  5* 

d  JJ 
tO-H  05 
05  JJ 'd 
d  >H  05 
-  (11  05  E 
®  E  D>  05 
•H  E  (u 
O  05 

^  rn^ 

ij  CD 
^  CD  d  01 

S  JJ’H  0 
S  d  JJ  d 
S  01  to  <u 
£  E  0) 

01  3 
t33Cr  • 
73  05  CO 

S  S 

X  05  d 
O  S  05  JJ 
05  O 

JJ  <D  01  05 

JJ  p  >  JJ 
<  Jh  05  d 
3X  O 
O  O 
CD  3 

JS  P  o 

OeJ  >iJJ 


0)  0)  CD 
XX- 
JJ  JJ  C 

^  «JH  *2 

5o.S 

■O  ?.H 

S-hQ 

♦H  TO 

&TO  73 
01  d 
01  U  05 
ij  O  iJ  * 
«  y  •-<  VO 

®  04^hS 

o? 
^  J-  r* 
a  CD 

G  0  ^  JJ 

wlJH  ^(C 

•H  0  J2  C3 

E  CO  W  3 

UU  05 
TO  0)73  >H 
04  CiW  ta 

g  O  jj  TO 
^  05  g  O 
-2  s 

O  C  ,  4^ 

.J  o  5h  5h 
iJ  U  O  TO 
£  CO 

TO  TO  O  _, 
-H  X  E 
Q  H  ® 

c  3" 

0  .  c 

•iH  ^ 

M  I  ^ 

nj  O  05  <u 

>  TO  CO  H 

C  *n 

TO  P  -73 
TO  k  C 
d  05 

S-gB? 

<  TO''^-H 

o  c 

P'S!  C 

O  D  05 
k  D  rH 
aU  04 


TO  * 

&S 

>*? 

=  5 

to‘-'^ 

>  x; 

S’S 

o 

73  05 

t-H  > 

3 

O  CD 
X  «o 
CO  r- 

o 


k 

TO  TO 
X  U 
E  -rt 

TO  4h 

k  73 
05  d 
0  05 
01  iJ 

73  X 
d  U 
05  -rl 

.3  k 

JJ 
TO  TO 
dl-H 
k  Q 
05 

X  3 
X 
JJ  05 

<  o 


V  futPsJtons.  t>1cft<c  rnntact  I  enore  Nnksma  at  587-0210, 


Ci  oc 


El 


UJ  O' 

o  o 

U- 


LiJ 


UJ  (X. 

(/i 

§ii 

h-  ct: 

^  z  o 

<  CD 
2:  QC 
Z  K*  < 
w  c  £ 

2:  UJ 

z  q: 

O  t—  Qd 

Sc^S 

g  j^a. 

UJ  <  • 

.  z  a; 

t—  UJ  UJ 
U_  J—  H- 

igs 


-  <ti 
i  ^  QJ 

;  ^  i 

t-  5^ 


«T3  *—  4-> 

E  2  " 


Of  U.  OJ 

w  o  x: 

3  +J 


C  O  3  (O 

u  »— 

X3  »~“ 

QJ  “D  a>  X) 
+J  OJ  <X3 
>  »♦-  O 

t-  ^  o 

e  ®  .  -»-» 

O.  (/)  <u  u 

S-.  Ui  fo 
O  CJ  3  £_ 
O  -O  OJ  CX 
^ 

ra  •  ^ 

<U  U  >,r- 

t-  T—  ita 

a>  e  r- 
2  C;  ro  O 
^  r::  ^  c: 

W)  ^  -r-  <T3 

c  p  *-»  c 
O  u  tn  '•~ 

t§-fe  ™ 


*0  “O 

t  (l; 

OJ  L. 


i-S 


^  §  I? 

gl  o  5  ■^JC 

»-  crv  ^  CO  Q  o  03 

^  '*f  c  ^  3;  (y 

tf  *.  *0  *D  4->  z 

*D  C\J  »—  •  *»“  >v  O 

xr  Cl>>4->+jqj‘*- 
+-*  oj  *j  C  -f-  V-  o 
cr»  c  •<-  Qj  c  c: 

QJ  03  o  r-~  4.J  T-  4_> 
>  CX-f-  «oO«—  <rtC 

^  c  2  cr  x>  e 

*0  O  C  QJ  .  « 

C  *r-  c  ^  m  .  t. 

I-  CVJ  r~  o  ^  .2:  - 

QJ  •  03  **“  JD  <1J  CL 

4’^  to  4>>  a;  03  •  O) 

• —  •  <U  10  >4J-r-0 

‘DCNJ’O  O>03  CLw 

erojojC'^S+jJc 

<0  ^  1.  03  Cl  C  x3 


(/)mo 


<X) 


-  x:  03 


in 


—  _  W  ^  su  ■4^  JLl 
C  03  >  03 

-•  £> 
►  S  x:  4J  »o 


_  QJ  4J  4->  ^  , 

p  >  o  Q.  2  ui  in 

'^s-‘^y-*jocc) 

CXw«,^+JO^ 
=3  O  O  tu  L,  4J  C 

.  O  4J  QJ  ■»-  3 
C  4->  4J  ^ 

Oaj4J03fl3'O‘O 
<U  trt  JC  c  3:  «D  ^ 
4J  <U  to  E 

V>  V-  3  <t»  oj  03  5 

QJ  totoi —  'i-xrx  QJ 

^  a*»-4-+J4J4J'a 

P  E  P  ’  0>  4->  10 


0  U  P 


lO 


C  03  • 


to 


-M  -P  O  •.  ^ 

-f-  P  03  XJ  X>  XJ 


O  XJ  P  P  T3  C 

4->C»tOPxJr-  P3 

t:  o  V-  c  jD 

O  C  u  X^  P  ^  « 

*«-^»ojcpc:£_o 

PP4->POJQ,g 

P  to  1-3  w 

x:  p  c  (X-  xJ  •  o 

H-  XJ  P  o  M-  >» 

_  »—  I-  •♦-  r—  p 

^  to  p  p  ^  10 


t 


I  ^  m  •*—  kLf  IXf 

P  P  to  p  to  3 

^JDJCP  3pc:  P 
CLXJ  O  3:  cr,—  03  {r 


t  P"  I-  => 

O  p  OJ  ,  x: 

>>‘’  ““oS 

c  3  5  ^  o 

:s  Jin  !o  X3 

^  J  S 

x>  X-  <0  p  u 

in  . !;:  r-  p> 

•  t.  es  p  xJ  ~ 

C\J  p  ^  >  C 

_  ti  TJ 

o p  e 

p^  o 
p  O  X 
>1  Jr  to 

^sS£ I « 

P  C  >3  P  £  r- 

Ul-O  § 

P  XJ  XX  C.  n 

t-  3  t>  c  P 

P  T—  P  P  X-»  ^ 

CX^  CL  3  P  III 

lotx:  ^ 

cr  x:  u  tx-  p  . 

O  O)  p  p  »— 
u  3  x->  Xi  S 
p  o  p  p  p  gJ 
i«  t-  E  O  XJ  S 
x:  3  0 

P  XJ  o  ^  o.  c 

XI  T-  p  c 

XJ  *0  ^  t.  o 

c  S  3  o  '=?; 

■'■  -a  o  *■  S  g 
TD  P  O  I-  XJ  = 
P  U  O  P  00 
P  P  O  p  o 
x->  X)  o>  3:  c 

X3  </>  tn 

«—  >3  P  i? 

<c  3  c.  -2 

o  p  4^  .  P 

O  4-»  Ct?' 

E'ZS  ^ 

^  ^  O 

S’  0  C  in 

V  CL  E  1-  ea 

p  p  i__»  4—  ^ 


P  3  •»-  O 

4-  r—  c 

JU  «X-  T3  O 
«-  4-  c  X 
CL  P  P 
.  ^  E  P 


to  »—  f—  p 

■r-  r-*  XJ 

P  P  P 

P  x->  cn 
to  P  O  p 
3  to  O.  to 
P  3  C  3 
f-  p  O 


4J  P  X->  O 


^  5  i  E 


to  10  C  p  o 


4r  Q.  P  t- 
o  XI  P  p 
on  x-t  £.  > 
P  ’f-  1-  XJ  p 
CEO  to 
O  0.  (. 

■o  P  p  *0 

to  c  u-  XJ  c 

p  p  p  p 

XJ  E  P  S 
p  x:  p  XJ 

P  TO  XJ  XJ  L. 

to  O 

oj-  XJ  XJ  p  cx 
XJ  PC 


Q.  4—  p 
3  O) 
to  cr> 


0.0 

XJ 


P  to  XJ  P 
to  ••—  c 

5  "*=>  C 

Pi —  •*-  p 
o  3  O  XJ 
P  O  -r-  c 
xa  ^  ^ 


t3  to 


to 

to  p 
p  x: 


5  to  ^  p  p  o 

^  is  p  x:  to  c 

3  ^  XJ  P  'r* 

g<S  5 

•tf  ^  u  S  P  t_  P 

(2  4-,^  x:3r— 

'S  3  XI  -tJ  CL 

p  o  S'  g*  p  o 

5.^  t  %Si 

S  t_  Q  {—  c>  4-  CO  P 

S’  ^  ^  p  3: 

c3:u>xJt.c: 

Q  r-  llj  c  CL  P  P 


XJ  P 


C  ' 

"OP—  ,  P  ' 

p- 

-n,SSfc«-oE 

«!  «>■  E  S  S  “  o  -o' 

■“  P  • 


^  in  PC-iSI^xJO  xS 

53£al^5S 


m 
oj  * 


1-5  E  ”  o  g'5 

5'5  =  '-a°’Sffi 

■  -  I.  01  <1-  T3 

E-  XJ  P  p 
<-N  ,0  *—  XI 

XJ  4-  -O  X3  XJ 


-  •»“  O 

tn  g  jp 


XJ  E  ' 

Op  .  c=  -  ^  u/ 


w 


2  p 

•o5 
S5  4. 

p  ,— 


—  3 


D>  P 
P 

Ol  P 


OCL^g^X3p^4-  p- 


^  XJ  CX  '  O 
CXi^-0’O;^P« 

*  O  C  <  XJ  21 

■O  0)  ^"s  5^2’=' 

P  to  Op  o 

O  ctS  r  £  <y 
jSgEgu:.©- 

t^CJcO  ’SxJpp 
.  VD  to  P  xJ  3 

■  —  S.  p 

&  >.5>’-fli  §„ 

_  S  g  g  C  C  3 

-  ♦  p  <1  p  p  fli  t- 

q  E  XI  3  >  XJ 

®-  -  -  &  i 

E  O  X  p 
Z  P  z 


CD 

(ID  - 

IH\ 


■g 

to 

R 


o  >> 

>>  to 


>. 

1“ 

e 


P  to 

R  g 

—  X 


^  o  CVJ 

o  *—  c 


s. 


c  to  - 

S  i  X  ,5 

X3  P  O 

,  ■  C  0.0  c 

L-  P  P  <0 

Z  _J  Q  Q.  Z 


>1  S  P  3 


P  r- 


P 

B 


Q 

C 

o 


.■S 


Pf  TJ 

to  Q} 
C  t- 

o  -.- 

C  3 
to  O' 
P  O 

ce  t_ 


c:  p 

B  R 


St  T*  C 


"O  P 


^  u 
M  p 


XI  -o  p 

-W  c  E 

P  3 

p  8 
P  to  'O 


P 


to 


o  o 

•»-  XJ  p 

to  c  x: 


to  '*->  >, 
•  O  P 
^  £  -Q 


•JR 


B  P  0^  H 


o  3 

to 

P  "0 


p  p 

x:  ci 

XJ  p 


U  O  XJ 
3  CL  U 
t-  to  p 
XJ  CO 


P  P 
JZ  JD  • 
XJ  C 

■o  o 

CO  *3  XJ 

cvj  §  ^ 

to  r—  R 

CVJ  P  c 
4-  r<-i 
C  XJ 
O  3  • 

T-  O  XJ 
XJ  C 

O  p  P 

P  XI  3 
CO  f— 


to  p  4^ 
<  3  ’.- 

;—  c> 


I 


WWTP  at  Fort  Kamehameha  because  of  existing,  less  expensive  sources  of  nonpotable 
water.” 


4 


O)  -r- 
4->  ^  i- 

C.  •  4-»  O 
<U  TJ 

E  QJ  C  OJ 
C  C  -f- 

cn  o>  4-> 

♦a  ct»  zs  o  , 

-o  vj 

•—  CO  to 
0>  4-> 

03  C  C  ' 

»4-  v-  03  a> 

•  •  -»  X>  -r- 


S" 


O  r—  -•-  ( 

lo  I —  o  • 

-r-  -j-  a>  I 

fO  S  *-  ( 

5  ^  • 

0>  CL  CO  *— 

CO  t— 1  ^  . 

1_  LU 

o  <->  o 


cn  x:  gj  »“  Q) 

c  4J  E  ^  u. 

O  <u  m 

r—  -O  4J  ^  O 

«Q  C=  m  U  4-) 

3  +-» 

c:  o  to  cn 

o  t-  c  to 

t-  4_)  .r-  •«- 

4J  O  c-  r- 

-i>  4^  «0  <U 

T3  C  CL  <U  C 

c  03  e  c  o 

O  E  -I— 

o  c  cn  +-> 

CT>« —  C  3 

^  ^  a>  :© 

o  To  c  s  L 

CO  03  03  4->  I 

«  s  e  c  to  * 

*J  03  C  -t-  I 

»»-  C  O  03  -D 

o  t-  x: 

CO  »D  -r-  4->  03  - 

>  JZ  ■ 

03  -  C  U  4-> 

CO  03  03 


O  LU  4-3  O 
Q  tt-  u 
>,  to 
C-  03  t-  o 
03  x:  "o  4-) 
>  4-3 

O  •—  1- 
C3  C  »0  *0 
CO  -f-  4-3  QJ 

c 

TJ  -o  03 

03  E  CO 
O  CO  03 
4->  o  <—  x; 

CL  CL  4-3 
03  O  Q. 

3  1-3**-. 
O  CL  to  O 


E 


to  O 
to  f- 
03  to 


:  < —  *0  X} 


.  o 

LU  O 
C3  T3 


«0  3  00 
a  O  LO 
/O  CO  CT3 


CXt—  C3  C 
O  03  03  O 
LJ  CD  v£>  X 


Lf5  LO 


5  I 

<  i  8 

Z  Q  C 
lu  “  ^ 

O  cc  x  ^ 

u.  «  g  5  < 
O  I 
®  25  = 

Z 

uj  oSJ  o 
<1^  <  ~  £,  c 
5  0.  t  < 

t  5  ; 

<  £  s 

CL  ^  a 

UJ  > 

Q  5 


CU  4J 

•r-  fO 

x:  5 

o  a> 


3  S  °o 

O  3  r>.  •— I 
«TJ  O  X 
in  4->  X  CO 

C  OJ  *4-  X  D 

'-  •-  O  O  .— 

00  3 

Qj  ^ 

ro  4->  *  O 

-  Q,  <D  O  C 

t-  <I>  4->  .  O 

X  O  CO  Q.  X 


S- 


Lu  :w: 
o  oc 
<  S 


O  .. 


?  < 
|af 

_j  z 
,<  < 


>  UJ  Oi 


u_  h_  q: 

S!SS 

0  3  0. 


4.) 

»o 


o 


I 


i; 

z  s 


(0 

u 

to 

x: 

a> 

o 


O'  >, 
c  > 

*H  lO 

c  X 
c 

nj  0) 


r* 

I 


Li  &4  O 

•  O  "H 

X  4J  W  «w  w 

U  (0  O  'H 

>iQ)  4J  > 

Q)  Li  C  .p  -H 
»H  -H  0)  C  Q 

c  a  E  0) 

C  £  u 
4J  tP  O-P-H 
CO  C  Li  P  (M 

(0  fH 

•  4J  >  a  o 
ii  o  c  <U  ic 
s:  <  w  Q  CL 


*0 

c 

A) 

I 

o 

o 

CJ* 

c  o 

•H  \D 
Li  00 
<U  \D 
0)  ox 

c 

cn  •H 

C  •H 

u  to 
§ 

W*H  (0 
0)M  X 

*H  <0 

+J  5  - 
•H  (0  n 
^  X  o 

•H  .Q 

O 

fO  10  IC 

ax 

<0 

»H  iH  *~f 

<0  (0  p 
>  X  to 
m  <0  0} 

X  £  CL 


4i 
0 
o 
E 
•p 
0 
P  O 

fri 

^  M 

m  o 

H  4i 

M  4 

S  S 

^  O 
4i 
•P  a 

IS 

14 
O 


CO 


>1 

4J 


P 

£ 

P 

(0 

0) 

Q 


§  «f  O 

D  ^ 

«  O  C 
H  i  0) 
a  0  o-H 
O  XI  *H 
p{  O  CO  <0 
E  ji:  » 
H  0  p  (0 
W  K  O  X 
0  S 

P  U  P 
0  0-H  O 
O  Pm  •H  JQ 
JQ  p 
W  4J  3  « 
O  0  CL  X 
n 

O  -P  <-l  rH 

ac  (0  p 
O  0  >  « 
P  H  flj  fl) 
P«  Pi  X  a 


W  4J  PH  H 

Q  C  CO  <U  (0  0)  4J 

w  0)  4i  4J  ^  0)  .H 

E  C  (0  O'  0)  > 
-P  4J  CU  3  X:«H 
C  «  E  Qj  PPP 
2  CD  E  P  fl)  O 
E  P  O  CO  4^  CU  10 

O  P  U  CO  10  p 

p  ,  ^  5  >  gp 

«  P  O  C'p 

P  O  C  0»  (U<H  E 
WP  ^  JC  PTJ  C 
«  O  o  P  o 

p  >  >  xj  o  a 

O  ffl  COP  10  O 

gp x;  o  p  o  p 

a  CO  lo  •H 

E  g  0)  P  O  O  CU 

•H  >  >  C  cp5 

•HP  -  0  p  «J 
fO  O  CU  CU  3  *0  *0 
p  'M  0  o  o  C 
C  H  10  0  (0 

«  +>  P  .H  fl) 

EC  CL  >  CU  X 
C  0)  (0  0)  0  XI  u 

P  0-H  p  p  C 

POX  a  o  CO 

•H  o  4J  ®  0  CO  p 

>  CO  X  -H  H  n 

C*H  p  4J  10 

CU  D,<  >,  p 

®  X  rH  X?  ffl 

P  p  4J  H  H  4> 

p  '-H  3  3  CO 

p  -H  <0  i  cw  o  X 

p  H  X  0)  X 

73  CO  CU  TJ  a  CO  C 
Cw  E  ®  O  CO 

®  P  CO  W  X  0  ® 

X  3  X  10 
P  o  ®  ®  < 

E  H  »— I  V/ 

73  XJ  CO  a*H  CW  p 
®  ®  X  >  CH  3 

^  CO  ®  MO 

®  OP  PX 

•H  a  p  CO  0 

>  O  O  tC 

<U  P  M  ®  X  CO 

pa  X  c  3 

p 

<u  ®  <0  < 

>  X 

CO  P  P  P  ^ 

X  C  ®  IM  73  w 

P  CO  44  p  c  «W 

®  O  r4  P  3  O  P 

X  p  a  o  o  o  ® 


H  p  o 


X 
•  p 


4-H  (0 
4  P  P 
I  p 

I  o 


X 

p 

P  CO 

O  ®  CU 
'•X  «H 
to  fS  P  3 
c  u>  p 

O  I  X 
•H  H  ®  fl) 
CO  H*H  H 
•H  >  X 
>  P  ®  CO 
p  O  P  o 
P  P  -H 

a  a  o  «H 
CO  p  a 


3«:g« 

<0  ^  CO  o 

O  CO  •H  p 

•HOP 


as  ®  o 
ax  X  c 

CO  p  CO 

«  ^  E 

O  >  O  p 

PH  >  o 

p  p  p 
E  CO  ®  C 
P  P  to  o 
O  P  ®  o 

p  W  P 
CH  p 

p  c  o  o 

O  -H  *0  P 
p  73  0  CO 

to  <  X  c 

3 

S  CO 


s  a 


CO  X  - 
C  P  10  p 
CO  r4  E  0 
H  CO  ®  P 

a  ®  p  CO 

£  CO  X 
p  >1  (U 
0  P  CQ  p 
P  O  CO 
CO  p  CO 

X  P  0  X 
®  C  P 
P  O  CO  73 

to  E  X  O 

CO  P  ®  H 
X  P  P  H 
CO  CO  cO 
H  a  10  p 


.ox 

<az 


eg 

I 

VO 

oo 

in 

p 

u  o 

CO  c 
4J  O 

ex 
o  a 
u  o 

rH 

o  o 

CO  p 
CO 

O  P 

CO  c 
C  10 
O  P 
•H  OQ 
p 

CO  P 

o  o 

3  P 
O*  CO 

P  o 
O  P 
X  (0 
p  « 
P  X 
3 

P  o 
X 
>1p 

c 

CO  P 

o 

o 

>  o 

CO  o 
X  X 

3  73 
O  *H 

X  o 
p 

73  CO 
•H  £ 
3 

o  • 

X  P 

03  s 


X 

o 

c 

cO 
p 

♦. « 

^  CO 

31S 

D  10 

El  X 

w  -  E 

H  44  U 

£  O  (U 

Z-H 

wx  « 

DO  ^3 


to  Mr.  Uehara 
r  19,  1997 


^  (N 
O  B 
n  0)  Q) 
xJ  U  0> 
O  <U  fO 
Q  CU 


B  fO  >1 
CD  a>  »a  ,H 

-H  >1^  . 

c  o  ta  ti 

IC  X  N  *H 

JS  cn  ttj  3 
L>  I  X!  U 
(U  M-l  'H 

e  iw  4J  f 


1  fH  X  0)  3 
i  iti  JJ  4J 


& 

IJ 

a  u 

M.4  3  V 

O  V*  V 

•H  XJ 
^  )h  (0 
<D  G  B 
U  rs 
•H  2  CD 


0 

d> 

k 

CD  -k 

d) 

rH 

0> 

0 

0 

< 

X 

k 

73 

X 

Id 

k  rH 

01 

3 

k 

•H 

CD 

CD 

d) 

Cd 

ft 

CD 

k 

0 

3 

k 

0) 

V 

m 

d 

k 

ft 

CD 

.* 

0)  CD 

Id 

0 

0 

*k 

0 

3 

p 

CD 

d> 

CO 

C  3 

X 

4H 

< 

X 

k 

00 

3 

0 

k 

0 

X 

•H 

Id  -H 

0 

0 

2 

(D 

3 

n 

X 

CD 

>• 

ft 

CD 

73  k 

CD 

0 

-H 

0 

<71 

d 

0 

Id 

< 

d  Id 

•H 

d> 

X 

CD 

iH 

k 

0 

X 

k 

X 

CD  g 

73 

0 

.. 

CD 

I 

0 

•H 

i-H 

3 

ft 

0 

d 

d) 

CD 

k 

X 

d) 

0 

X 

d  - 

X 

CD 

d 

X 

m 

CD 

k 

X 

CD 

44 

0  CD 

0 

CD 

•H 

Cd 

rH 

in 

d 

CD 

ID 

X 

X 

♦H 

CD 

a 

0) 

rH 

X 

Cd 

0 

3 

U 

'H 

X 

X 

k 

CD  -H 

cd 

k 

CD 

CO 

k 

•H 

O' 

d 

? 

CQ 

CD 

X  X 

d> 

ft 

ft 

3 

d 

CD 

•H 

•* 

X 

0  -k 

k 

♦H 

d) 

X 

CD 

•H 

CO 

rt  (0  tM  > 

CO  <y 
4J  o 
a  0)  (d 
73  m  H  ij  , 
0)  -H  €0 
C  'O  r-1  CO 

}-l  »-C  o 

<U  XJ  -H  o 
U  C  5 
c  <u  c 

O  3  0)  Q} 

U  rH  tJl  a 

<«  J-i  o 

CO  (d 

•H  0)  X  o 


O  4J  3 

3  tn  c 

CQ  C  0)  CO 
*H  3  <U 
TJ  tH 
*H  »w  <U 
3  X 
D)  d}  iJ 


rt  01  C 
•H  3  .H 
X  -H 
C  X  X 
(U  CQ  X 
X  -r^  rH 
O  (X  <0 

a  0) 

•o  X 
X  c 

3  <d  o 
O  -r4 

X  rH  »H 
(d  (0  X 
C  3 
73  O  a 

0)  -H 
C  X  >H 

^  (d  r-< 

0)  Q>  «d 
O  k  V4 

C  U  (» 
O  0)  > 
O  k  0 


g  OiX  M 

d  X  3  • 

T3  O  CO 

D)  0)  73  CD 

<u  m  d  X  -rc 

X  o  cd  <d  X 

<d  Di  X  -H 


3  3  n 

•H  0)  >,  CD  nj 
X  »w  > 


W  Oi  O  0)  -x 

Q  3  d  X  X 

O  X  Id 
CD  fH  o  > 
X  (d  X  d  3 

X  -HO 

a  CD  X 
X  (D  k  3  CD 

cn  u  CD  o 

3  k  k  -H  O) 

O  3  cd  CD  3 

X  O  &  *H  -H 

X  CD  CD  >  k 

iH  0)  k  -H  3 

Cd  k  a  Q  73 


d  CD  cd 

•H  o  X 

r-C  k 

0  3  3 

u  o  o 

CD  >, 
X  CD 
U  PS  73 


CD  Cd  - 
CD  J3  ^ 
(d  CQ 
O  73  tn 
rH  d  r- 

£Xi  cd  fH 


i  s 
■^1 


V  >  -H  -  73  0) 

,  k  3  O 

^  CD  Cd  k 

X  d  o  3 

..  -H  73  O 

M-C  d  CD 


<  5  " 

I  *  “ 

<  <  5 

X  =  s 


5035 

?  K  E  o 
(O  9  o-  z 
u.  5  o 

Cfc  ^  X 

o  r 


*  H 

d 

p 

g 

k 

0 

> 

Cd 

3 

S  k 

0 

0 

M 

44 

a 

X 

«  CD 

0  ^ 

k 

•k 

CD 

0) 

rH 

X 

0 

S  E 

0 

■H 

c  0 

Cd 

d 

Id 

T  fl) 

X 

> 

•k  0 

X 

CD 

X 

44 

2  f) 

0 

-H 

k  m 

d 

g 

d) 

0 

s  flj 

Q 

d) 

d) 

d) 

g 

Q 

k 

®  ' 

g 

0 

Id 

73 

-H 

0) 

d  0 

d 

Id 

X 

d 

Q 

d 

> 

•k  u> 

p 

rH 

CD 

Cd 

•H 

cd 

Oi  00 

k 

ft 

g 

rH 

d 

X 

d  10 

•k 

CD 

(d 

ID 

Id 

d 

ta  01 

> 

fa 

fa 

IH 

CO  ^  CD 
*-i  M 

H  k 

G  X  O 

d  3: 

CD  td 

X  rH  o 

X  0<  -H 


X  <x 

!- 

k  X  X 

CD  O4  k 
X  o  o 
O  73  fa 

cd  <d  CM 

zi  o 

73  X 
<  cd  Q} 
X  k 

O  k  O 
d  CD  X 
•H  CD  3 
3  (M 
(N  M4  IM 
^  «M  0 


O)  d  X 
c  cd 
•H  o 
X  CD  X 
(Q  c  d 
•H  O  *H 
X  -k 

CD  X  rH 
Cd  Cd 
CD  X  CO 

O  -k  o 

Cd  e  ft 


•k  CD  3  ft  rH  -H 

3  CM  CD  73 

(N  CM  CM  k  O) 

^  «x  0  d  X 

r-C  -H  d 

-  73  CD  f-<  X  V 

0)  k  -k  (d  3 

«H  k  0>  ?  d  rH 

-H  CD  X  -H  44 

e  X  (d  d)  g  44 

I  g  ^  d  'k  o 

B  -H  rH 

«  C  rH  rH  d)  X 

CM  O  Cd  CD  X 

OX  ft  CD  -k 
Id  CS  CD  -H  3  5 

Id  ftx 

X  Cd  o  X  73 

g  o  >  CD 

3d  CD  k  X 

k  -k  d  d  CD  id 


d 

CO  CD  -k 

d  d  CD  k  d) 

0  0  O  O  >  X 

•k  -k  ft  X  •H  X 

X  X  CO  k  X  rH 

o  cd  *k  cd  •k  cd 

d)  E  73  K  CD  o 

•I")  k  OX 

X  0  rH  rH  ft 

O  44  rH  k  0 
3  *k  CO  X  -H 

O  -k  2t  d)  d  rH 

d  fa  Cd  X 

C  k  0  3 

CD  0  CD  d>  -k  ft 

Id  cn  X  44 

X  73  k  X  -H  73 

0).  cd  d  d 

--  CD  X  g  O)  Cd 

<  Id  o  o  -H 

s  a  CD  k  CO  - 

O  -H  44  cd 

^  •  73  01  X 

X  >1  d  o 
CO  o  0)  cd  -H  -k 

k  CD  rk  5  k  X 

•H  m  *H  Cd  X 


44  ft  5r  k  rH  -H 

<  •  d3  -k  k 

73  CM  X  5  CO 

d  CD  *  (d  g 

Id  CO  0)  ^  d) 

•k  o  X  -3  .  - 

•k  ft  X  dc-Q  >1  ^ 
Cd  O  cd  rH  X  k 

?  k  ••  d)*  Id  ♦k  Id 

Id  ft  CO  O  rH  3 

W  w  o  d  Cd  X 

d>  M  *  O  3  CD 

44  X  O  ft-k  Of'  W 


Id  rH 

X 

CD 

M 

fa 

rH 

X 

• 

.. 

44 

g 

.. 

0 

01 

ft 

3 

Ut 

k 

•r» 

0 

u 

4-» 

3 

4» 

.3 

XJ 

0 

k 

k 

X  fa 

X 

CD 

X 

rH 

k 

k 

3 

3 

3 

d 

d 

0 

•H 

3 

0 

. 

3 

0 

X 

73* 

3 

3 

0 

•H 

X 

Cd 

p 

0 

k 

3 

U 

X 

0 

•r( 

X 

X 

3 

0 

X 

X 

X 

X 

D  rH 

4H 

X 

44 

4H 

fa 

X 

3 

0 

3 

3 

0 

X 

3 

£h 

0 

3 

k 

•k 

0 

3 

3 

k 

V 

0 

-H 

k 

Cd 

X 

k 

X 

>1  rH 

E 

3 

X 

3 

3 

3 

44 

3 

d 

X 

•H 

3e 

3 

>1  X 

rH 

0 

k 

3 

X 

cd 

ft 

3 

0 

d 

X 

•r» 

3 

44- 

g 

•k 

d 

X 

X 

d)  d 

X 

*H 

X 

Q 

0 

Cd 

X 

D 

M 

3 

X 

X 

•k 

3 

73 

3 

X 

0 

'H 

•«H 

c 

rH  ID 

d 

0 

k 

d 

fa 

5i 

g 

0 

X 

d 

3 

X 

73 

0 

rH 

d  g 

0 

cd 

•• 

• 

3 

g 

3 

k 

X 

3 

X 

0 

fa 

3 

3 

X 

k 

Cd  C 

g 

fa 

X 

X 

k 

X 

rH 

Cd 

3 

3 

d 

E 

d 

•k 

X 

3 

d 

c 

>, 

3 

3 

X  0 

X 

0 

2 

rH 

fa 

3 

X 

-rC 

3 

3 

X 

k 

•H 

♦H 

3 

k 

X 

3 

CO  k 

k 

r4 

rH  » 

0 

3 

0 

X 

3 

3 

0 

X 

3 

3 

3 

0 

fa 

*r-\ 

cd 

Id 

k 

*1-1 

k 

X 

X 

ft 

3 

X 

3 

rH 

rH 

X 

X 

X 

rH 

3 

3 

ft 

> 

Id 

.9 

3 

X 

k 

0 

ft 

3 

g 

44 

0 

k 

d 

44 

X 

ft 

3 

k  3 

CD 

0) 

3 

CD 

3 

0 

k 

-r4 

3 

3 

44 

'H 

3 

X 

0 

44 

3 

g 

X 

s:  fa 

Q 

X 

fa 

CO 

0 

0 

fa 

ft 

ft  4H 

fa 

3 

> 

X 

3 

0 

3 

fa 

•H 

X 

DEPARTMENT  OF  THE  NAVY 

pACirtc  DivrsioN 

NAVAL  FACILITIES  ENGINEERING  COMMAND 
(MAKALAPA.  HI) 

PEARL  HARBOR.  HAWAII  96060-7300 


r* 

go 

N 

j-  <^3 


c  ^3 

*0  3  00 
-«->  C  •—  O 
I1D  03  03  0% 

gai- 

io  X  <t3  or 
tj  c  'o 
;z  o  = 

JS  O  O)  na  3 


S  iig 


c  ^  c: 

"  g  a 

’r  ^ 


11 


X  C  V>  H- 


>»■*;;*>  0)  Q> 


^  c  a>  4->  o 
v>  VI  «j  ch‘» 


*o  o  »o  t>  cr 


03  O) 

,  03  4-3  4-> 

Of> 

Hi: 

JS  -r:  VI  o 

o  e  to  -<-• 


a 

O.  C. 

^  o  at 

at  u  at 

u  O) 

07  4J 

I-  o  c: 


g  4-1  irt  <y  l4>  03 

^  r*  1-  ^  Xj 

C  Qt  4J  rtj 

.W-.-  OS-  p>3  Oi— 

t-vivtott-co*^ 

O  «  «  J3 

u.-o*aoxo>»-o3 


j  O  <tl  r- 
Xj  »—  *tO 


-  C  '- 

a-j 


al 


•'-  «D  O  • 


c  VI  c.  at  I 

3  CLJZ  I 


U  T3  a  W 
lA  o 
«  -t;  o  u 
x:  c  S.  at 

4-t  Q>  O 
3  (-  to 


ei 

i-c 


5  T3  «  5!  1 

^  o  ot  o. 

O  id  ot  & 

*  ^  a  X  -r-  * 

I  at  (O  3  Ot  ' 

.  at  t 

4.3  UI 


a 


O  3 

a 


4J  4J  o  at 


S  ^3 

">  t-  fo  x:  4-»  — 

<d  t-  4-J  o 

T3  4->  <d  ot 

Cl—  O.  Q.  C 


w  CJ  x:  TJ  < 

i 


to  4“  Qt 
tr  o  ”0 
OJ 


X  »D  >>  rtJ  C 

“‘X  t-  ^  at 

O  <0  fO  3 

to  3  E  »— 


4-»  VI  -O  O  to 
*D  C  t-  -r-  4-» 

o  ^  <d  a.  T3  to  ; 


x:  "o  VI  e  4.3 


•r-  a  to  o  I 


Q> 

Sb  as 

3  03  I— 
4-»  TJ  <0 

-  _  to  c  at 
t_t  *j  ot  Qt  X 


O  to  o  C 

4-»  T-  4J  C 

C  4-)  o 

at  X3  at  o  s-  -i- 

iS  at  4J  o  o  4-) 

c  "a  (j  s-  .p 

O  C  ro  C  r—  (J  < 
CS.  «d  l_  •—  Qt  O 
toQ.rato>  — 

Ot  X  X  -f-  Ot  ot  . 
OC  Qt  tj  -O  —  CC  . 


4J  O  -C 

s-  S  u! 

o  «  at  c 

X  4J 

—  (d  .  w 

o  3:  *0  at  Cl 


•»“  r-  C  VI 

to  r—  V-  at 

lO  to 

to  3  4-»  > 
O  to  -r- 
x:  >)  4.3 

4-»  -O  U)  O 
_  Qt  O  to 

O  S  a  ^ 

O  Qt  to 


a  at 


4*  o 

to 

>  to 
to  c 

?  ^ 

Ot  to 


event  that  cultural  resources  are  uncovered  during  excavation  activities. 


Q) 

Si 

B 

Q) 

O 

(D 

O 


E  »» 

sil 


oi 


CC  CC 

O  UJ 

^  z 

UJ 

•s.  to 
UJ 

3S 


s: 


T-  eu 

uE  C 

lO  H-  •«- 

•gfel  . 
^■gc  tJ 

<U  3  _  QJ 


u  <a  «/) 
OJ  oi  f  **> 
>  to  4-* 

O  to 
iS  >»  4->  *-< 


3  U  4<* 

O  S*  U  4» 

H-  a:  3  o 
to  tu 

•-H  x:  1 

Ul  4-»  ^ 

a  -*-* 
o  <u 

U  4J  2  0> 

4J  C  *0  CX 
O  OJ 

0»T-  to  c 
c  4J  «a  o 
••-  (O  <u 

ID  »—  T3 
Ol  O.  O  >1- 
O)  O.  U  > 
U  fO  (O  O 


3  OJ  OJ  ID  E 

3  £  O 

O  QJ  0>  C  C 

O 

^  O  4J  X  C 

Q 

y  O  £  OO  4-> 

^  W»  S  CO  ID 

SQ  C  3  O  *3 

^  Q  to  O  C 

_  Q.  O  3 

^  to  <D  <3  c: 

•D  fli  i->  tr> 

I-  <7^ 


0>  •  4J  O  to 

^  "S  c:  oj  3 
m  c  1-  jc  to 

u 

I—  to  OJ  <U  OJ 
<D  <U  3  o  x: 
•u  -3  to  4J 
4->  to  to  O 
3  O)  <r>  4-> 

O  C  C  3 

f-  qi  <u  c 

^  ^  tD 

ID  A  Q. 

(C  -r-  to 

f»  to  U  *-• 

^•^*5  £g 

U  4J  to 

®  S-tO  ^  <u 

4-»  4-»  Q 

t^  to  ♦  <U 
0>  O  OJ  > 
C  to  C3>*r- 
O  4-J  C  tU 
rx  tU  C  tU  CJ 
ID  x:  tU  c—  tu 
•4J  e  *—  u 

c _  ®  *o  _ 

O  3  -M  XT  O 
•*-  3  ID  U  4-J 
3  4-> 

•»“  O  to  CJl4-» 
3  U  C  to 
C  ID  4J  1- 


O  C  o>-»-* 
to  0»i—  C  3 
I  i->  to  tU  X3 

4- >  f->  4->  T- 

5-  ID  C  3  I-  • 

~  "  OJ  4->  to 


to 


C  r-  U 


_  _  •»“  UJ 

C  O  tl)  3 
u  x:^  (U 
ID  •>-  4^  oj  x: 


>  O  V-  u 

O  ID  u  tu 
O  tl>  U  O  1-*  44 
to  x:  3  4^  ID  ID 

3  t-  S  *0} 

C  ID  ID  U  U 
O  T-  44  Of 
4-»  C  >»f—  to 
3  tU  r—  4J 
ti>  tu  e  to  C 
3  g  5  r 


3^5  to 


U 


O 

z 


2 

< 

CO  Cu 
Cl] 


o 

a 

o 

M 

CU 


<P 

i 

(P 

> 


tt  . 
C  * 

itjs 

£  3  ^ 

XI 

«  M  « 

^  r 


< 

M  H 

O  O  10 

V 

2 

•J  2  O 

44  bj  2 

CM 

(It  •H  • 

*H  td  O 

U  s  rn 

<0 

—  4J  K 

fH 

•0  •  4J  ^ 

CO  U  CO 

<  2  r- 

CO  (0 

TJ 

S  M  «  CO 

Cu  O  1 

M  •. 

0 

£  W  <0  O 

02  O 

Cd  4J  M 

4J 

ri  Q  O 

*J  M  to 

o  C  0 

<0 

M  '  >«o 

<  >  00 
>  2  to 

^  to  ja 
rH  M 

3 

^  fl)  n  o 
S  o  CO 

<  Cd  0\ 

44  CU  lO 

^  4J  4J  0\ 

2 

C  .2 

0)  Jj 

.  « 

u 

2  2  X 

O 

♦H  El  w 

CO  <  02 

>  V  CD 
M  Q  02 
Q  2  < 

ui» 

S  iJ 
O  02 
M  O  < 
CJ  03 

<  CD  CU 

Oi  2; 

n 

-  02  2 
02  lD  O 
y  ti3  n 
a  2  CO 

2  IH  HI 

<  CD  > 

S  2  HI 


«  C  r4 
<P  d)  M 
4J  g 


^03- 

3^  ?’-9 


c 

'  o 

TJ 

<P 

T3 

•H 
> 
.  O 


nj  4J 

<P 

1— 1 

.. 

r4  02  3 

44 

44  <0 

CU 

ro 

T3 

ti  »  3 

<0 

CO  <u 

CM 

d) 

5;^  CM  14 

TJ 

u 

t3 

<p  3  0, 

C 

44 

u 

U 

•H 

s 

o 

d) 

(P 

> 

S  O'  M 

c 

nj  n 

44 

CO 

0 

JiJ  flj  4J  tw 

•rt 

a  (P 

c 

Ol  a  o 

g  44 

<p 

a 

(11  •*  o 

*1^  > 

HI  10 

o 

CJ 

Jli  C  44  44 

i 

3 

ro 

<p 

fi  0  ts 

5  o 

-1  <p 

« 

bj 

14 

O  *4 

3  0) 

fO  44 

M 

10 

,,  T3  O  ® 

3  U 

44  <0 

i4 

• 

M  ..V. 

«  i4 

_  <0  o 
0)  S  s 

g 

c  n  o 

O  O  -H 

J4  44  rH 

•H  Si 

>  4J  3 


On 

O 


O 

to 


4J 

c 

a> 


4J  <0 

W  ®  T3 

rH  C 

w  a  « 
(0 


S' CO 
3  HC 


o 

^  uu  u 

o 

W  l-M 

Ed  ® 

■H 

44 

Cr> 

3 

-H  C  ^ 

•H  O  (-4 

*0 

bJ 

a 

02 

o 

o 

g  >1 

c 

O 

E 

o 

b] 

CM 

44  ®  > 

IH 

-H 

c 

M  44  C 

o 

© 

O 

a: 

*44  O  CO 

5 

JbfC 

®  CO  O 

f-H 

x: 

2 

O 

CO  (0  2 

0 

o 

a  g  -H 

M4 

44 

< 

bi 

M  .H 

o 

«H 

cO 

M  (0 

s 

(X 

Q  a  ^ 

c 

•H 

>1  o  c 

© 

44 

s 

Qj 

S 

®  CO 

®  * 

0 

g  tM  0) 

X2 

0 

o 

1 

02  x: 

U  CD 

l|4 

V4  C  44 

E-i 

CJ 

E- 

Q 

..  d) 

®  < 

<  -H  X 

Cd 

2 

^  g 

•44  CO 

1 

td 

1 

< 

U  'H  CO 

x: 

• 

®  44 

• 

M* 

2 

Q 

02 

Cd  CO  £ 

02  V 

Eh 

CO 

X:  h4 

X3 

Eh 

O 

o 

•-3  *44  ® 

P* 

44  g  00 

© 

CU 

s 

CD  44  g 

Ch 

M  tn 

O' 

CC 

Cd 

Cd 

D  3  10 

•  <3> 

• 

««4  ©  CM 

(0 

o 

CJ 

s 

CO  o  M 

(-4  1-4 

CM 

O  acn 

a 

b. 

4->  0> 
U  O 
ID  C7^ 


ID  ID 

<U 

I—  C 
Ol  O 

•  to 
to  to 

o  "i 


c  to  HI  oj  u 


li 

a>  "to 

>  u 

ID  ID 

x:  <H 


ID  3  CO 

5  o  to 

ID  tXt  0> 


44  <J  ^  3 
2>«>  44  *0 


w:\231GK\doa.doc 


03  ^  ^ 

a  g 

.2  Q  o 

§ 

ft>  o  cr 

1  s  I 

2  a  a 

§  ES  g  S 
i  ^  ^2; 

g.?  2  2 

§■■5  15 


85 

■g  «  fa  <0 
Si  o  2v 

i*^  O  5 
SQ  i 
^e§“ 

IJtl 


C  S  ^  • 

^ 

ftj  CO  7  00 

is 

2  2  4 

c  s>  tS  :? 

£  ®  "o 

i.ssS 

I  StI 

S  P  -s  E 

•s  I 

t;  -rt  O  2 


w  —  O 

III 

5  Ou 


The  EPA  review  has  not  identified  any  potential  environmental  Impacts  requiring  substantive  changes  to  the  proposal.  The  WITirPTIi'n  ENVIRONMENT 
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our  comments  entitled.  Affected  Environmental  -  Existing  Environmental  Degradation.  We  nutrient  levels  would  be  increased  up  to  49  percent  above  the  ambient  conditions  but  would 

suggest  that  data  may  be  available  which  describe  and  summarize  the  status  of  the  affected  still  meet  OOH  water  quality  standards.  The  conclusion  reached  Is  that  ‘_no  significant 

environment  and  recommend  that  the  data  be  presented  In  an  effective  format  in  the  EEIS.  cumulative  impacts  on  water  quality  wpl  results  from  the  proposed  action."  It  Is  erroneous 

to  conclude  that,  just  because  water  quality  standards  will  be  met.  no  significant 

Response:  The  "affected  environment"  has  been  evaluated  in  the  DEIS  and  found  to  be:  cumulative  impacts  will  occur.  The  Navy  should  describe  the  expected  cumulative 
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Should  you  have  any  questions,  please  fee!  frw  to  call  Sara  Collins  at  587-0013, 
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Creates  a  pleasant,  hygienic  living  environment 
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JOHKASOU  vs.  OTHER  SYSTEMS 


Cost  Per  Home 

Life  Expectancy 

Maintenance 
Per  Year 

Good  for 
Environment 

Recycles  Water 
to  R1  Quality 

Water 

Treatment 

Central 

$60,000  -  $80,000 

20  -  25  years 

$420.00’ 

No 

No’ 

Primary’ 

Cesspool 

$  9,000  -  $16,000' 

5-10  years 

$100 -$800* 

No 

No 

None 

Septic 

$  6,000 -$12,000' 

5  - 10  years 

$100 -$800* 

No 

No 

None 

Johkasoii 

$12,000 -$16,000’ 

25+  yenrs^ 

$300.00' 

Yes'* 

Yes^ 

RI*^ 

J.  Waimanalo  Wastewater  Facilities  Plan.  Chapter  7  (Mawaii  Pacific  Engineers,  Inc.) 

2.  City  &  County  of  Honolulu,  Public  Works  Infrastructure,  Chapter  14. 

3.  Best  Industries,  Hawaii,  Inc. 

4.  Best  Industries,  Inc. 

5.  Proposal  from  Kurashi>no>Tcchno,  Professor  Junko  Nakaniahi  at  Tokyo  University. 

6.  Project  -  Development  of  a  Residential  Wastewater  Treatment  System  to  Produce 
R*1  Quality  Reclaimed  Water,  University  of  Hawaii,  Professor  Roger  Babcock,  1997. 

7.  Qty  &  County  of  Honolulu,  Sand  Island  Treatment  Facility. 
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Section  2.5. 1.1.  "best-case”  assumptions  were  incorporated  into  the  reuse 
alternative. 
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Conment:  The  DEIS  does  not  evaluate  water  as  a  resource.  Conment:  At  the  scoping  meeting,  the  Alliance  recommended  that  environmental 

justice  impacts  be  assessed  to  include  those  resulting  from  the  withdrawal  of  ground 
Response;  Even  though  reclaimed  water  with  higher  chloride  levels  may  be  acceptable  water  that  formerly  flowed  to  the  estuary, 
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Cofwnent:  Brackish  water  is  suitable  not  only  for  edible  aquaculture/agricultural 
products  but  can  also  be  used  to  support  ccxmercial  production  of  ornamental  plants, 
native  species  and  other  coastal  strand  biota  to  create  a  vegetated  buffer  around 
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reclaimed  waster  considerably  more  costly  than  other  sources  of  non-potable  water.  Belt  Collins  Hawaii  ^ 

Construction  of  the  proposed  outfall  does  not  preclude  future  reuse,  on  Ford  Island  680  Ala  Moana  Boulevard,  First  Floor 

or  elsewhere,  should  demand  for  either  brackish  or  desalinated  effluent  develop  Honolulu.  HI  96813 

sufficiently  to  offset  the  costs  of  building  and  operating  the  necessary  reuse 
infrastructure. 
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to  the  extent  possible,  confine  construction  activities  in  bird  habitat  to  summer  months 
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^  ^  Response:  The  Navy  strives  to  reduce  adverse  impacts  on  migratory  birds  In  the 

b.  Comment:  The  federally  list^  threatened  green  sea  turtle  (^e/on /a /Tydas)  course  of  its  planning  for  and  engaging  in  activities.  With  regard  to  this  project, 

is  under  joint  jurisdiction  of  U.S.  Fish  and  Wildlife  Service  and  National  Marine  foresee  any  situation  that  might  result  in  an  unintended  or 

Fisheries  Service  and  is  occasionally  seen  in  the  area.  Coral  reefs  and  their  Intentional  "taking"  of  common  migratory  shorebirds  protected  under  the  MBTA. 


Revision  of  the  DEIS:  Section  2. 3. 2. 3  will  indicate  that  migratory  birds  are 
protected  under  the  Migratory  Bird  Treaty  Act.  but  that  any  unintended  or 
intentional  "taking"  of  the  same  is  not  anticipated  or  contemplated.  Also,  the 
first  paragraph  of  Section  4.4.3  will  be  revised  to  read.  "This  section  discusses 
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Appendix  ll-k 

Amendment  to  Initial  Response  Letter 


Amendment  to  Initial  Response  Letter 

A  second  letter  was  sent  to  some  of  the  commentors  to  amend  information  provided 
in  the  initial  response  letter.  The  body  of  the  letter  is  as  follows: 

"Contrary  to  an  earlier  notice  you  may  have  received  that  a 
Supplemental  Draft  Environmental  Impact  Statement  (SDEIS)  would 
be  prepared  to  accommodate  a  new  outfall  alignment  necessitated  by 
a  soft-soil  condition  found  along  the  original  alignment  described 
earlier  in  the  Draft  Environmental  Impact  Statement  for  this  project, 
the  Navy  has  determined  that  an  SDEIS  will  not  be  needed.  Through 
subsequent  investigations  it  was  found  that  only  a  relatively  short 
segment  of  the  original  alignment  will  be  affected.  The  Navy's  plan  is 
to  proceed  as  originally  scoped  for  this  National  Environmental  Policy 
Act  (NEPA)  action.  Thus,  the  next  NEPA  document  for  this  project  will 
be  the  Final  Environmental  Impact  Statement  (FEIS),  which  is 
scheduled  to  be  available  in  the  fall  of  this  year  with  a  following  30 
day  comment  period. 

As  an  active  participant  in  this  NEPA  process  on  the  Navy's 
distribution  list,  you  will  automatically  receive  a  copy  of  the  FEIS  for 
review.  Announcement  on  the  availability  of  the  FEIS  will  be  made  by 
a  notice  in  the  Federal  Register  and  by  legal  advertisements  in  the  two 
local  newspapers:  Honolulu  Star-Bulletin  and  Honolulu  Advertiser.  A 
notice  of  availability  of  the  FEIS  will  also  appear  in  the  Office  of 
Environmental  Quality  Control's  The  Environmental  Notice  at  about 
the  same  time. 

We  apologize  for  any  inconvenience  the  earlier  SDEIS  announcement 
may  have  caused  you,  and  we  thank  you  for  actively  participating  in 
this  NEPA  process." 

The  following  people/organizations  received  this  additional  letter: 

•  Jonathan  K.  Shimada,  Ph.D.,  Department  of  Public  Works,  City  and 
County  of  Honolulu 

•  Thomas  T.  Fujikawa,  Harbors  Division  Administrator,  Hawaii  Department 
of  Transportation 

•  Patrick  T.  Onishi,  Planning  Department,  City  and  County  of  Honolulu 

•  Kenneth  Sprague,  Department  of  Wastewater  Management,  City  and 
County  of  Honolulu 

•  Board  of  Water  Supply 

•  Jan  Sullivan,  Department  of  Land  Utilization,  City  and  County  of 
Honolulu 


Dean  Y.  Uchida,  Land  Division  Administration,  Department  of  Land  and 
Natural  Resources 

Dennis  Tulang,  Department  of  Health  Wastewater  Branch,  State  of 
Hawaii 

U.S.  Army  Corps  of  Engineers  (CEPOD  ET  PP) 

Harold  K.  Nagato,  Best  Industries  USA,  Inc. 

William  D.  Balfour,  Jr.,  Department  of  Parks  and  Recreation,  City  and 
County  of  Honolulu 
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Appendix  III 


Feasibility  of  Wastewater  Disposal  Wells  for  the 
Fort  Kamehameha  WWTP  at  Pearl  Flarbor,  Ftawaii 


Disposal  Well  Options 

Mr.  Fred  Hoyler 

Belt  Collins  Hawaii  .  different  strata  to  consider  as  the  receiving  formation  for 
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caving  formation  Is  encountered.  In  anticipation  of  a  well  capacity  of  up  to  200  Ips,  use  35-cm. 
Schedule  80,  PVC  casing  for  the  prototype. 


TabJe  1 

Coral  Layers  Delineated  By  Deep  Wells  on  the  East  Side  of  the  Channel  Into  Pearl  Harbor 


State  Well  No. 

2055-02 

2056-03 

2056-01 

2057-02 

2056-02 

2057-03 

2057-01 

2157-02 

Old  Well  No. 

162 

163 

164 

165 

166 

167 

166 

170 

Distance  From  the  Fort 
Kamehameha  WWTP  (Feet) 

13,700 

12,100 

7,300 

7,250 

6,000 

8,000 

6,000 

9,400 

Ground  Elevation  (Ft  MSL) 

Upper  Coral  Layer 

20 

17 

12 

72 

15 

15 

15 

16 

•  Elevations  {Top/Bottom 
In  Ft.  MSL) 

+20/-220 

+  17/-233 

-••12/-233 

-^2^221 

-»-12/-218 

-19/-235 

-1-1 3/- 192 

-h18/-82 

•  Thickness  (Feet) 

240  . 

250 

245 

223 

230 

216 

205 

100 

Second  Coral  Layer 

•  Elevations  (Top/Bottom 
in  Ft.  MSL) 

•295/-320 

-273/-303 

-278/-308 

-291/-321 

-233/-298 

-388/-418 

-257/-287 

-1 12/-132 

•  Thickness  (Feet) 

35 

30 

30 

30 

65 

30 

30 

20 

Other  Coral  Layers 

•  Number  of  Layers 

6 

2 

3 

2 

4 

None 

2 

1 

•  Average  Thickness 

20 

20 

37 

16 

30 

-- 

28 

21 

Underlying  Volcanics  ' 

•  Elevation  at  Top  of 
Unweathered  Volcanics  * 
(Ft  MSL) 

-1,000 

-800 

-755 

-825 

-875 

-940 

-850 

-560 

•  Chloride  Concentration 
(MG/L) 

Not  Avail. 

1,600 

1,700 

3.800 

1,600 

Not  Avail. 

2,000 

2,200 

Note:  Information  from  Stearns  and  Vaksvik  (1936). 
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Appendix  IV 

Preliminary  Geotechnical  Evaluation  in  Support  of  Draft  EIS  for 
Ocean  Outfall  Extension,  Fort  Kamehameha,  Pearl  Harbor,  Oahu,  Hawaii* 


1 1 1 1 1  PRELIMINARY  GEOTECHNICAL 

EVALUATION 


Woodward-CIyde  Federal  Services 
1 144  Tenth  Avenue,  Suite  200 
Honolulu,  Hawaii  96816-2497 


INTRODUCTION . * . 1-1  LIST  OF  FIGURES 

1 . 1  PROJECT  UNDERSTANDING . 1-1 
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Obstructions  can  include  cobbles  and  boulders,  highly  welded  tuffs,  and  strongly  cemented  coral 
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Appendix  V 


Migratory  Shorebird,  Resident  Waterbird  and  Seabird  Survey  of 
Fort  Kamebameba  Wetlands  and  Offshore  Islets 


The  purpose  of  this  report  is  to  provide  the  findings  of 


lAbl.L  1 


Summary  of  migratory  shorebirds,  resident  waterbirds,  and  seabirds  observed  on  nine  surveys  at 
Fort  Kamehameha ,  Hickam  AFB,  Oahu,  between  April  1993  and  December  1996  ^ 

Species  found  on  this  1996  survey. 


COMMON  NAME 

SCIENTIFIC  NAME 

TOTAL  NUMBER  RECORDED 
(1993-1996) 

*Pacif1c  Golden-Plover 

Pluvialis  fulva 

39 

♦Ruddy  Turnstone 

Arenarla  interores 

19 

♦Sander ling 

Calidris  alb?i 

9 

♦Wandering  Tattler 

Keteroscelus  Incanus 

8 

Black-necked  Stilt 

HImantODUs  mexicanus 

2 

♦Black-crowned  Night  Heron 

NyctI corax  nycti corax 

3 

Brown  Booby 

Sul a  leucooaster 

1 

Common  (Brown)  Noddy 

Anous  stolidus 

10± 

-5- 


Fig.  1.  Location  of  bird  survey.  Dark  structures  east  of  Pearl  Harbor 
Entrance  Channel  are  sand  islets. 
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Appendix  VI 


Assessment  of  Water  Qualilty  and  Marine  Community  Structure:  Fort  Kamehameha 
Ocean  Outfall  Extension  Oceanographic  Study 
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TABLE  B.  0«om«trio  mean*  of  vmtof  chamMry  measuramonti  from  wataro  In  (ha  vidnity  of  Fort  Kamahamaha  sawaga  outfafl  axti 
coilactad  during  aavan  aurvays  conductad  batwaan  Fabruary  27, 1995  and  Fabruary  7, 1996.  Abbraviationa  aa  fdtowa: 
S«8urfaca:  M=niid;  D*daap.  For  aampCing  kxartona.  saa  Rgura  1. 
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FIGURE  2.  Scatter  plots  showing  measurements  of  saliniity  In  surface,  mid-depth  and  bottom  FIGURE  3.  Scatter  plots  showing  the  concentration  of  silicate  In  surface,  mid-depth  and  bottom 

samples  collected  at  ten  stations  over  the  course  of  one  year  in  the  vldnlty  of  the  Fort  samples  collected  at  ten  stations  over  the  course  of  one  year  In  the  vicinity  of  the  Fort 

Kamehameha  sewage  outfall  extension.  Note  y-axis  scale  change  for  surface  samples.  I  Kamehameha  sewage  outfall  extension.  Note  y-axis  scale  change  for  surface  samples. 

Station  numbers  are  arranged  In  an  approximate  East  to  West  orientation.  For  station  ;  Station  numbers  are  arranged  In  an  approximate  East  to  West  orientation.  For  station 

locations,  see  Figure  1.  |  locations,  see  Figure  1. 
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FIGURE  8.  Scatter  plots  showing  the  concentration  of  total  dissolved  phosphorus  In  surface,  raid-  FIGURE  9.  Scatter  plots  showing  measurements  of  tubidity  In  surface,  mid-depth  and  bottom 

depth  and  bottom  samples  collected  at  ten  stations  over  the  course  of  one  year  Iri  the  samples  collected  at  ten  stations  over  the  course  of  one  year  in  the  vidnity  of  the  Fort 

vidnity  of  the  Fort  Kamehameha  sewage  outfall  extension.  Station  numbers  are  Kamehameha  sewage  outfall  extension.  Station  numbers  are  arranged  in  an 

arranged  In  an  approximate  East  to  West  orientation.  For  station  locations,  see  Figure  1.  approximate  East  to  West  orientation.  For  station  locations,  see  Figure  1. 
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FIGURE  18  Vertical  orofiles  of  salinity  measured  at  six  inshore  stations  on  July  14, 1995  near  the  Fort  j  FIGURE  19.  Vertical  profiles  of  salinity  measured  at  four  offshore  stations  on  July  14, 1995  near 

’  Kamehameha  sewage  outfall  extension.  For  station  locations,  see  Figure  1 .  j  the  Fort  Kamehameha  sewage  outfall  extension.  For  staUon  locations,  see  Figure  1 . 
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Appendix  VII 


An  Assessment  of  Biological  Communities  in  the  Vicinity 
of  the  Proposed  Fort  Kamehameha  Sewer  Outfall 
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seen  Include  Montipom  verrucosa,  M.  patuta,  Podilopora  damlcomis,  Pavona  varians,  up  to  40  m  in  length  and  are  generally  filled  with  sand  and  rubble.  The  channels  are 

and  Pontes  compressa  but  these  species  contribute  little  to  the  overall  coverage.  spaced  from  6  to  20  m  apart.  Some  corals  are  found  on  the  Intervening  limestone 

Other  invertebrate  species  seen  include  the  swimming  crab  Chardybis  erythrodactyfus,  ridges;  dominant  species  are  Porites  hbata  and  PociUopora  meandrina  with  mean  cover 

cone  shells  {Conus  fmdusznti  C  ebreui),  hermit  crab  (Dardanus  sp.),  reticulated  cowry  less  than  S%.  Close  to  the  entrance  channel  one  S  x  40  m  area  was  examined  where 

(Cypraea  macuHferd),  slipper  lobster  or  ula'papa  {Paribaccus  antarct/cus),  banded  shrimp  corals  were  more  abundant  In  this  area  were  PocH/opora  meandrina,  P,  eydouxi, 
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FIGURE  3.  Aerial  photograph  of  Fort  Kamehameha  reef  showing  proposed  location  of  discharge  pipe 
corridor  originating  at  the  Fort  Kamehameha  Treatment  Plant  and  crossing  the  reef  flac  At  the  juncture  of 
the  reef  flat  and  the  Pearl  Harbor  entrance  channel,  the  discharge  pipe  drops  to  the  channel  floor  and 
continue  seaward  along  the  eastern  edge  of  the  channel. 
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Appendix  VIII 


Assessment  of  Biotic  Communities  on  the  Proposed  Alignments 
for  the  Fort  Kamehameha  Sewage  Outfall  Extension 


To  Identify  the  proposed  outfall  routes,  marker  buoys  were  placed  on  the  reef. 
Exact  placement  of  the  buoys  was  accomplished  by  taking  coordinates  of  the 
ASSESSMENT  OF  THE  BIOTIC  COMMUNITIES  stations  along  the  proposed  route  from  bathymetric  charts  and  marking  these 

ON  THE  PROPOSED  ALIGNMENTS  FOR  THE  locations  on  the  reef  using  Differential  Global  Positioning  System.  The  array  of 

FORT  KAMEHAMEHA  SEWAGE  OUTFALL  EXTENSION  buoys  allowed  ground  surveys  to  be  very  specific  regarding  biotic  composition 
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derations  that  might  accompany  the  proposed  construction  activity.  Overall,  the  entire  reef  flat  bounded  by  the  HIckam  Peninsula  to  the  east  am 

Pearl  Harbor  entrance  channel  to  the  west  Is  composed  of  a  shallow  fossil 
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Within  th©  region  between  approximately  60  m  and  200  m  from  FK-1  occurs  an  the  dead  coral  is  overgrown  by  thick  mats  of  DictyosphQe/is  cavernosa 

array  of  living  “mfcroatolls”  composed  primarily  of  large  single  colonies  of  the  (commonly  called  bubble  algae);  also  present  are  the  algae  Lyngbya  majuscula 

stony  coral  Porftes  corDprassa  (commonly  called  finger  coral).  These  mlcroatoKs  and  Acanthophora  spicifera*  Invertebrate  species  encountered  here  include  the 

are  so  named  because  they  develop  In  the  similar  fashion  as  a  true  atoll.  Single  shrimp  {Saron  marmoratus),  Holothuria  atm,  unidentified  xanthtd  crabs  (family 
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Transect  B  (Water  Depth  1 .2-2  m):  Thalassoma  duperrey  1 6  individuals 

Algae  Acanthurus  triostegus  5  individuals 

Acanthophora  spicifera  0.2%  Acanthurus  nigrofuscus  2  individuals 

DIctyosphaeria  cavernosa  0.1%  Abudefduf  abdominalis  1  individual 

Corals  Rhinecanthus  aculeatus  1 1ndividual 
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Appendix  IX 


Ocean  Activities  Survey  for  the  Outfall  Replacement: 
Wastewater  Treatment  Plant  at  Fort  Kamehameha 


> 

UJ 

> 

a: 

CO 

CO 

LU 


o 

< 

z 

< 

UJ 

o 

o 

o 


(0 

•2  m  § 

^i| 

-o - 

§  «  s 

S  g-l 

y  =  x 

45  *c: 

ol  2 

soS 

l|5‘ 

Q-t:  ® 

O  O  £ 

^  ^  c? 


«iiiE 

tr^G3 

il5 

2?t3  6 


S  EE 

=,^-£ 
,-=  o 


<0 


5iS 

<0  o 

C  ~  © 

g|s 

o  ©  > 

o  tz  B 

«o  o  « 
—  .  CO 


.E  s 

"5  ®  g  »  ® 

So  I  ££ 

45  C  «  £  . 

^  .9  ^  “S  c  o) 

«  tS  S'  -  ©  S 

:ol~-g£| 

^  gS'Js'S'® 

OQ  ©  c  (5  2  o 
-o£  E  5f  w 
c  0)0 

©  c  uo  ^  E  <0 
“■SS  ®  ®  ffl  . 

£  «  -  g’r  ‘s  2 
f  S  §f  s|g 
'i  E  s=- e  5  i 
.sSssitS- 

c  o  §  ®  S  ®  ^ 

g.gw  o^g  g> 

«sd.ffsg.i 

8|--=.S^ 

lisfii-i 

T5  ©  -SS  ^  J©  TO  P 

•S  £  P  ^®^© 

c  c  EQ-  ^ 

®  00  ©  o  ;= 

^  S  o  rr  5 

—  ®  o  >»©  Q.:^ 

O  ?  o  «  2  ^  o 

©  w  S  ©  *5 


®  ©^5?^=::^ 


coOcc©;l 

^  w  Jg  ©  X  ©  ? 

E  ©  CO  T3  o  £  *= 

0  -D  S  ■=  E  c  S 
•?:  "O  ©  B*  Q.  o  X 
.E  ©  e  x:  ©  u  © 


*0 

© 

■o 

3 


•i^ 

O 


© 


8 

€0 


© 

a, 

o 

o 

(0 

CM 


CO 


-  z 


52  I 

X  3 

a  (0 

O  -r* 


"S  o  i 

O 

^■C  © 
CO  ©  £ 

ul  ©  • 
<CL  ^ 

©  iE 
©x:  o 
w  '*-  © 

©■ou- 

(Q  C _ 

©  ©  © 

§J-s 

^  cS 

w  E  2 

<8g 

E  2?“^ 

Ii| 

X  32 

cars 

°TsO 

®  Sc 

lio:  g 

“  6  ® 
«  ®s 

S  S  3 

£  I  o 

«  ®JE 

^  m  © 
^  ©  = 

W  ©  C 
o  >  © 
x:  ®-P 


© 

Q. 


•  ^  ^  tn 

S5|  iR 

—  O-  ^ 

*©x: 

•=  s  =  = 

.=  (S  fl)  re 

00“  c  c 


s. 

© 


5  ts  S 

:  3S8 

}  c  S  ~ 


>  .£  “  a 

'iP  g 

jQ  eu  o 


§  c  ^ 
<0  "  o  i 
©  «  ^  * 
C  P  O  r 

T3  3 

C  Ol?  , 

«  ®  oj 

-g  0)  ■* 

TOES'! 

CD  i 

c  ^  c  ^ 
o  ®.E  J 
o  S  f=  1 
P  o  ®  < 
>  < 

! 

o  gw  j 
X  OT  w  : 

—  P  12 
<c  < 
©  ®  oi 

§Eii 

®'il^ 

o  CtJ 

gra  »| 

■S  °  §■< 

2  H  3  ! 

^  ®  12  i 
c  >  P 

o®©i 

w  ®  V- 

fflS  0-1 

MEi 

o-g~  ! 
S  S  §i 
TOfflg. 

TO  E  Si 

£  ®  «•) 


tn  V>  ^ 

3  mV 

3  ®  £ 

-gw® 

®  ”0  C 

"D  C  © 

c  ®  ^ 
w  ®  ® 

So® 

T3  ®  ® 
0)5  c 


<0  o  c 
w  ♦-  c 
©  o  ® 
"O  -O  o 

TJ  C  ^ 

=  §“ 
§Si 

TOp 

s£g 

Ip 

S  P  O 

©  £  w 

3  E  W 

o  c  2 
« .E  ^ 
©  >  w 
X  5 '*5 


CO  ^  ®  ®  ^ 

E  ©  Q.®  © 

?l&p§ 

0)  JC  O)  © 

g®:^  O" 

©^=o« 

®  C  ©  O  -g 

i'if  15 

s  C  CX©  3 

O  §5 

c  O'  w  p  d> 

®  2  ==  5  E 

!isl“ 

g'g  c/5.9  ® 

1111“ 

0- 

MEv  'i  i 

i-  S  2  i 

”  3  o>i  oc 

w^lSg.® 

«  2  O  ■=  U) 

*>,  ®  W  -Q  ^ 

=  .>  ■D 
®-5  O:|'0 

^■o  ®  gH 

xrl  c  do  ©  ^ 

fSfllt 


^|:i  I 

||S  I 

~w^  ®  ® 

”  *-=  c  CO 

§  «1.§'e|  § 
Q..9  g  2  w  £  g 
"S  2^0-0  ®  ©  o 
c  is  W-®  x:  p  « 
^©©2-^0  — 
O  Q.  -  m  O)  E 

®£  ™  £ 
^clL  =!•=  TO 

§2  p  5^  =i2 

isist5« 

3  4_  Co  ^  r- 

ti  -S-  O  o  »J  W 

«  o  ?  75  ©  9  Q. 

2gl‘-e®E« 


ilsSps 

c^"!;  ®  i  TO.® 

|2®i|si 

:?E'®  ®^27 

c  ^  o  .He© 
c£f  g>?8S 

ilgf SSf^ 

p>cwce§js? 

5©©^©©©LL 

“®Ss^SE® 

2  5sc-e  ©  >,^  ® 

COH'C'g.2^-  ® 
•X  .  ©41;^ 

J55  1/5  ^3  ^ 

©23©©®3C 

£©a>©,^x:©Q 

W  E  £€  g  S  0  ° 

<AE'-®e®o'^ 
43-s  ©  p  ex:  ®  © 

3«  S-i^  o  2  o» 
^oQ-®$^©© 


tr  w 

®  -g  o 

glP  d) 
*  ro 
©  x:  Q. 


JZ  o  - 

C  C2£. 

c.e  9 
©  ©-g 
©  g*° 

©  o  w‘ 
^  ®  2^ 
CT3  2 
O  C  O) 
E  ©  . 
p  _r  ® 

O  c  ^ 
o  c  D> 

§ 

®oS 


Jk  ’^  © 

s>«1g 

cq  ©  x:  ® 
^  O.  ©  © 


©  ®  © 
JQ  ©^  £-B 

©  £  CO  ©  ® 

©  C  © 

««iiS§| 

■s  £  E"®  S.^ 

®  © --  o  1  o 
©  &  H  c  o  3 
2gg>®-S3 

®  C  ®  2 

i  2-c:  s=  H 

5  .>  «  z:  c 

£1,1  il 

0)2  o  i  *= 

coco© 

‘O  P  ■*-'  ®  3 

^  o  o  Q- 
■a  o>-o  «  o 

-.E  ,0  TO  ^ 

i^^m® 
®E  )»£  ® 

®^^"® 

'Z  2  ®  i2£ 

©  ©  ^  o 
c  X)  c  c 
©  E .(.  ©  CO 

§gp^ 

O  c  ©*g  2 

B  ©2  s-i 

p  ©  © 

p  >5  ©  ©  © 

®  C  S5*e  Q- 

^  .E  CL  ©  © 


b  E  E  ' 

® 

£  3  c  s*' 

i  2  5  ®> 

sgs-ae® 

®£=5Sl 


^  ^  .1-  ur 

Eo>a 


£0  £  6^ 

Jcie  «  2  ^p> 

«  "C  ©  CL= 

^IStosI 

'C  V  ®  * 

.2  «  TO  »  £  o> 

JZ  TO  *5=  ©  TO  .= 
o  *e  o  ©  ^  g 

2  Q.  c  >-  ©  p 

5  ®  .2  5  ^  -| 

©  9  o  2 1:  0 
p  -E  o  e  o  © 

S  m  ©  ©  OL 

Xo^  ©  E  E  ©  o> 
©  .3  ©  o  o  ®  c 
>>  c  ©  Q-x:  *x:  p: 
^  75  E  -o  ©  >  ® 

c  f  ”  «  ©  -^  O 
1  2  S  ©'^.«T3 

5S-^®g®  g 

©  e  o  C  ©  ^ 
®  ®  o)^  2  P  o) 
—  CD  C  c  O  O  C 

S2§s  2  o’g 
{5S-£i5«£ 

^  5  i  .25 .2  o> 

3  c  ’« "o  t  g  © 

©glg^Rl 

e  ©  X  =  c  Q.  © 

h-  X  ©  ;^  ©  o  © 


OC.g-0 


•E  3  e 
2  w  ® 
CC  e  ® 

®§i. 

x:  •£=  .9> 
r  “O  o> 

0X3® 


®  >;  ® 

c  c  o 
*^.9  ^ 

:=  ©  ® 
gSiS 

•iSf 

•a^®5  ® 

®^|§- 

S  ®  -  s 

O  £i2  6) 


®  2  3  ^ 
2  §  ®  ^ 
®  oTo? 

&  2  ©  ® 
^  ©  is  o 

©  c  ®  © 
©  ©  ©  ® 
X  o  ©  9 


5as8 

I®il5 

2  Q.®  ® 

§g£S 

Oi  o  ©  © 


£  p  — 

H  >H  2  ® 

•Jr  ^  ©  sz 

075  «:S 

©  P  ®  T3 

2.  £  .e  e 

TO  o  -^  © 

!g  ®  ®-c 

^  X3  V-  3 
^  C  3  « 

O  ©  P  m 

•°  ®  ol 

TO.O  ©  X 

-=  E  E  c 
®.3  ©  o 

sE"®-- 

few  ®T> 

1  °  °  ® 

TO  0  ©  © 

«p.§ 

2  2  3  CO 

§s|£ 

s|^i 

TO®  a>  o 

«  .TOc  O) 

ll'sl 

5i=  «  g 

©  .  ©  Ql 

3  ©  £  ® 

®  i-o^. 
2|§2 
>^2 

gpf 

s|l- 

^  ©  .52,  ©  . 

•8  I  .£  S  ® 

■§oiS^ 

cox  ®Q.'o 


C  ©  .^  i-«  ^ 

£  o  o  SP'o  © 

O)  o  e  ®  "i:* 

cco  3©i2—  3©TO 
©  —  O  ^  ^  ^  X3  O  W 

SS  ®SZ o  8 

i8|i§Sa§t 

SE  E  ^  oS'S 

=  co.^£o‘^®© 

El.tS'S£  =  TO^ 

CO  m  3®C  ®  o  <0  t  g 

g©  ©  2  ©  X  3  2 
ti  3  wx:  D»w  © 

^  2.q£  co^  ®  2  ® 

«  ts  .<  8  oj:  g- 

>,r=  ‘C'  e  ©  ©  w  £  e 

9  S  £  ®  ®S  5 ~E 
lag  S5 “ toBS 
®E2ocmS-°E 
®  p  I  8  g  S 

2  ^  ®  TO  5  C  • 

o  TO-^  8  go  g-o  g  2 

©  eg  «^1g  ®  O 

e  3^  ®  3©.^3 
0X3*5  O  «  =  ©  S  ®  S 

^  3  ®  -2  ™S«o.f  « 

o  *0  ^  *0  o>  p  ^xn  © 
|§.|§'^Sw.E3| 

■“  >''^§  ®  w  8  S'®,® 

^TOWoS^OC  ~  p; 

C  ©  ^Wq©X  ®©x 
'C  X  -0  CD  2  ©On 

8-e  Eii“ I «€ 

oev,®!  eEI^to 

(3R5  «X  0  wE  W.C 


>» 

> 

®  ®  S  3 

p  ^  w 

-O  .  5  ©  P 
2  ©  o..t:  c 

1  2.®  ”E 

5  ©1  qO 

Er*^|  o 

2  O  ©££ 

^glS5 
to  g  -r  o-c 
a^x  e  ® 

TO-g  £  o  © 
^  o  ^  ^ 

c  X  ©  ft  X3 

igiH 

p<tl 

®.^  TO^  2 

I  2  §.?8 
5  2  « 

e  q.£  ©  ^ 

l£8|l 

$  w  3£  o 

T  S  P  0.0 

^  .9  e  ©  « 

c  B  2  ©"O 

©  **"  P  -E 

b  ^ 

s^cE-S 

5  5  §r  2 

®  m  *“  E  ® 
o  ®  e|S 
O  €  E  2  2 
©  o  3  ©  E 
X]  C  ©  Q.  © 


■8  ffl  2 

.E  ^  O 

>  £  .p 

^  cn® 

©  ?C 
P-c  O 

51-^ 

-  cS 
°o.i 

n 

®  E  5  TO 
£  o  o  o 

sS-e^ 

toOER 
£  ee  8 

iSSS 

si^TO 

5  ^  ®  9- 
o«  E£ 
©  O  o 

C  ^  C  P 

5  0)  ®  O) 

©  X3  P 
X3  ©  V-  *“ 
©'C  3  © 

|5  8  8 

©X3 

E  C  >*2 

E  ®  2  TO 

Be 

o.9>3  § 
-OT-Q 

o  ^  ®  2 
°  2£  ffl 


-J  E  CD 

ag  E  e 

?«5S 
2  5c® 
££  5£ 


Lifeguards.  The  lifeguards  at  the  HIckam  Harbor  beach  parks  are  civilians  who  until  they  are  finished  with  the  fish.  In  addition,  they  do  not 

are  hired  by  the  Department  of  the  Air  Force.  The  staff  consists  of  eight  divers  are  In  the  area  are  spearing  octopus, 

lifeguards  who  guard  the  beach  every  day  of  the  year.  Additional  lifeguards  are  .  , 

hired  during  the  busier  summer  months.  To  date,  there  have  been  no  shark  attacks  In  survey  area. 
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Harbor  Channel  where  it  drops  off  to  the  reef  slope.  Tidal  currents  and  surf¬ 
generated  longshore  currents  have  Impacted  the  reef  flat  by  creating  two  small,  3.  i  o 

vegetated  intertidal  sand  Islands  immediately  offshore  Fort  Kamehameha 
housing.  Although  some  patches  of  reef  are  found  nearshore,  well  developed 
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fishermen.  Commercial  surround  net  fishing  operations  take  place  to  catch 

migrating  schooling  fish  such  as  akule  and  sometimes  ulua.  Normally,  Some  catamaran  sailors  and  kayak  paddlers  attach  fishing  poles  or  handlines  to 

commercial  fishermen  have  several  boats  and  a  spotter  plane  to  locate  the  their  crafts  and  troll  for  papio  and  other  species  as  they  transit  the  area, 

schools  of  fish.  When  the  pilot  spots  a  school,  he  radios  the  school’s  location  to 
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inexperienced  kayakers  to  remain  close  to  shore  rather  than  attempting  to  reach  contributions  to  sediment  stability  by  marine  invertebrates.  The  study  identified 

the  Reef  Runway  or  cross  the  Pearl  Harbor  Channel.  two  populations  of  Invertebrates.  The  reef  flat  is  still  used  for  Invertebrate  studies 

by  the  University  of  Hawaii  Zoology  Department.  It  Is  considered  a  unique  south 
shore  reef  and  an  excellent  area  for  reef  walking  because  comparatively,  It  has 
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Appendix  X 

Fort  Kamehameha  Outfall  Extension  Dredging  Turbidity  Investigations 
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The  above  equations  are  for  conservative  substances.  Foir  non-conservative  substances, 
decay  function  of  the  following  form  can  be  used  (Grace,  1978): 


Turbidity  and  Suspended  Solids  Correlation  Analysis 
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Appendix  Xi 


Time-Integrated  Plume  Modeling  for  the  Wastewater  Treatment  Plant 

at  Fort  Kamehameha 
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Treatment  Plant  (WWTP)  at  Fort  Kamehameha  is  located  near  the 
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Two  outfall  configurations  were  selected  for  modeling  based  upon  the  project  oceanographic 
study  and  initial  wastewater  plume  modeling  (SSFM  Engineers,  Inc.,  1996).  Prior  to  the 
oceanographic  study,  the  Navy  had  planned  to  locate  the  diffuser  at  approximately  the  37 
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with  prevailing  currents  and  is  further  diluted  by  oceanic  turbulence.  This  subsequent 
mixing  is  not  of  the  same  magnitude  as  the  initial  dilution,  and  the  different  processes 
involved  are  simulated  with  the  far  field  model. 
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the  oceanographic  studies.  This  type  of  study  is  accomplished  by  following  the  path  of 
The  minimum  dilution  of  the  wastefield  at  any  location  is  the  product  of  the  minimum  discrete  samplings  of  the  effluent.  For  example,  a  sample  or  "puff  of  effluent,  j,-,  where  i 

initial  dilution  5/  and  the  far  field  dilution,  S^i 
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The  numerical  model  used  in  this  study  is  an  integration  of  the  near  field  model  RSB 
(Roberts  et  al,  1989abc),  far  field  dilution  based  upon  the  4/3  power  law  (Brooks,  1960), 
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FIGURE  9 

HARMONIC  AVERAGE  DILUTION  IN  WINT 


Comparison  of  the  winter  plots  with  the  summer  plots  show  tlie  effect  of  weaker  and  more 
variable  transport  during  the  winter.  The  summer  plots  have  strong  dilution  gradients  to 
the  east  and  to  the  south  as  the  plume  moves  predominantly  westward.  Tlie  winter  plots 
are  more  diffuse,  with  effluent  spread  more  evenly  around  the  diffuser. 
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FIGURE  13 
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FIGURE  14 

FORT  KAMEHAMEHA  DUTFALL 
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FIGURE  15 

FORT'  KAMEHAMEHA  OUTFALL 

HARMONIC  AVERAGE  DILUTION 
IN  MAMALA  BAY 


SEASON-  VINTER 
CASE  a-  DEPTH  -  ai  H 
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SCALE  IN  KILOMETERS 


Case  2  winter,  shown  in  Figure  15.  Using  effluent  concentration  values  from  Table  2.  the  modeled:  Case  1  uses  a  200-meter  long  diffuser  in  46.meters  of  water  depth,  and  Case  2 

uses  a  400-meter  long  diffuser  in  21-meters  of  water  depth.  The  diffuser  sites  were  chosen 


Df  ihc'  time  iii  the  wimer  season,  and  46.5  percent  of  the  time  in  the  summer  season.  The  5,0  REFERENCES 

(  ase  2  plume  surfaced  virtually  all  of  the  time.  Plume  dilutions  were  generally  lower  in  the 
winter  season,  although  dilution  is  generally  highest  for  a  surfacing  plume. 
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12-HOUR  VISITATION  FREQUENCIES 
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TIME  SERIES  DATE,  CASE  1 
PLUME  RISE  HEIGHT  AND  MINIMUM  DILUTION 


TIME  SERIES  DATA,  CASE  2 
PLUME  RISE  HEIGHT  AND  MINIMUM  DILUTION 
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Assessment  of  Far  Field  Water  Quality:  Fort  Kamehameha  Ocean  Outfall  Extension 

Oceanographic  Study 
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TRANSECT 5 -STP  tt  TRANSECT 4 -REEF RUNWAY  |  TRANSECT 3 -  PEARL  HARBOR 


TABLE  1 .  Water  chemistry  measurements  (In  pg/L)  from  waters  In  the  vicinity  of  Fort  Kamehameha  sewage  outfall  extension 

collected  on  July  13, 1096.  Abbreviations  as  follows:  Z-  bottom  depth;  S=surface;  M=mkl;  D=deep:  BDL^below  detection 
limit  For  sampling  locations,  see  Figure  1. 


Z  SAMPLE 

P04  N03  NH4 

SI 

OOP 

DON 

TP 

TN  TU 

SAL 

CHLa 

TEMP 

pH 

SITE  STA 

GPS 

■gdBOI 

(pg/L)  (pgA.)  (pg/L) 

(hs'L) 

lOPiai 

(pgrt.)  (n.tu.) 

IgSI 

mSSSi 

(•C) 

m 

21*16.77  N 

n 

El 

2.79 

1.26 

1.54 

80.34 

16.73 

110.61 

19.53 

113.26 

0.05 

34.632 

0.06 

26.5 

6.20 

1 

158*  01.57  W 

2.48 

0.70 

0.70 

52.63 

17.34 

106.87 

19,84 

108.22 

0.08 

34.628 

0.07 

26.5 

8.21 

Hi 

n 

1.86 

0.56 

0.42 

55.34 

7.74 

96.64 

9.61 

97.58 

0.05 

34.759 

0.21 

24.8 

8.19 

21*16.97  N 

ZA& 

0.14 

1.12 

49.72 

11.46 

94.82 

13.95 

96.04 

0.06 

34.604 

0.06 

26.7 

8.21 

i 

2 

158*  01.65  W 

60 

B| 

Z17 

BOL 

0.98 

53.93 

10.22 

102.80 

1^40 

103.74 

0.07 

34.596 

0.07 

26.6 

8,21 

Qi 

n 

2.48 

BDL 

0.84 

68.82 

7.43 

148.88 

9.92 

149.68 

0.05 

34.587 

0.07 

26.7 

8.21 

■r- 

21*17.07  N 

7 

S 

Z48 

0.28 

1.68 

53.09 

7.74 

126.47 

10.23 

128.38 

ao7 

34.579 

0.07 

26.7 

8.21 

& 

3 

158*  01.69  W 

30 

8 

M 

1.86 

BOL 

0.98 

49.16 

8.67 

9Z30 

10.54 

63.24 

0.05 

34.595 

0.06 

26.7 

8.21 

a 

9 

0 

1.86 

0.14 

1.82 

60.96 

7.43 

174.79 

9.30 

176.68 

0.05 

34.596 

0.08 

26.7 

8.21 

21*17.43  N 

10 

S 

2.48 

0.56 

2.24 

51.69 

6.91 

11Z33 

1Z40 

115.08 

0.06 

34.598 

0.07 

26.7 

a21 

4 

158*  01.68  W 

IS 

11 

M 

3.72 

0.84 

1.26 

60.11 

21.06 

167.43 

24.80 

159.48 

0.06 

34.588 

0.07 

26.7 

6.21 

I- 

12 

0 

2.79 

0.42 

0.56 

50.00 

7.12 

136.98 

0.02 

137.90 

0.06 

34.591 

0.06 

26.7 

8.21 

21*17.91  N 

13 

8 

2.48 

0.28 

1.12 

60.11 

11.15 

152.95 

13.64 

154.26 

0.17 

34.326 

0.22 

26.5 

B.17 

5 

158*  01.75  W 

5 

14 

M 

2.17 

0.42 

0.70 

50.28 

9.29 

122.13 

11.47 

123.20 

0.14 

34.541 

0.15 

28.5 

8.19 

IS 

_D  , 

1.55 

0.42 

0.56 

48.60 

7.12 

103.78 

8.68 

104.72 

0.09 

34.598 

0.16 

26.5 

6.20 

21*16.96  N 

“16^ 

0.14 

0.08 

58.18 

7.74 

110.23 

9.61 

111.30 

0.08 

34.545 

0.10 

26.5 

8.20 

LLi 

o 

6 

157*  59.90  W 

80 

17 

M 

1.86 

0.14 

BOL 

41J29 

7.43 

106.31 

0.30 

106.40 

0.04 

34.615 

0.06 

26.7 

8.21 

18 

D 

1.86 

0.14 

0.66 

57.87 

7.12 

94.26 

8.99 

64.92 

0.07 

34.803 

0.18 

24.8 

8.19 

5 

21*17.10  N 

19 

8 

1.86 

0.98 

1.64 

63.48 

8.67 

19Z44 

10.54 

194.88 

0.10 

34.537 

0.10 

26.7 

8.16 

7 

isr  59.03  W 

SO 

20 

M 

1.86 

0.14 

0.84 

66.28 

7.74 

97.48 

6.61 

98.42 

0.09 

34.568 

0.13 

26.7 

6.20 

21 

D 

2.17 

0.42 

1.26 

65.06 

7.12 

97.48 

9.30 

69.12 

0.05 

0.06 

26.7 

6.20 

c 

21*17.21  N 

22 

S 

2.17 

0.56 

1Jt6 

62.92 

7.74 

180.40 

9.92 

18Z14 

0.08 

34.576 

0.10 

26.5 

8.16 

(C 

8 

1Sr  59.93  W 

30 

23 

M 

ZM 

0.70 

1.26 

65,17 

7.12 

102.24 

9.30 

104.16 

0.08 

34.606 

0.12 

26.7 

8.20 

C4 

24 

0 

2.48 

0.42 

2.94 

79.21 

8.98 

147.48 

11.47 

150.78 

0.07 

34.613 

0.12 

28.7 

8.20 

& 

21*17.47  N 

25 

s 

Z17 

0.96 

2.66 

66.29 

8.05 

240.62 

10.23 

244.16 

0.09 

34.534 

ai4 

26.7 

ai8 

UJ 

CO  i 

6 

15r  69.05  W 

16 

26 

M 

2.17 

1.40 

1.64 

49.44 

6.81 

125.63 

8.99 

128.52 

0.10 

34.600 

0.14 

26.7 

ai9 

27 

D 

2.17 

1.96 

2.68 

64.49 

6.81 

126.76 

8.99 

131.32 

0.12 

34.577 

0.15 

26.6 

ai8 

21*17.81  N 

28 

8 

Z17 

1.40 

2.80 

61.24 

&60 

116.67 

8.68 

120.82 

0.14 

34.446 

0.17 

26,7 

8.15 

F 

10 

15r  59.95  W 

5 

29 

M 

2.17 

1.26 

Z38 

62.36, 

6.81 

110.37 

a69 

113.96 

0.17 

34.446 

ai6 

26.6 

ai5 

ammmm 

30 

D 

Z4B 

2.10 

1.96 

68.69 

ase 

120.87 

10.85 

124.86 

0.14 

34.579 

0.16 

26.6 

ai6 

. .  . ^ _  :  TABLew, 

Z 

SAMPLE 

P04 

N03 

NH4 

SI 

OOP 

DON 

TP 

TN 

TU 

SAL 

CHLa 

TEMP 

pH 

(re!) 

STA 

GPS 

(m) 

_ 4 

_ 

_(pgA.)  (iigA.)  (m.) 

_(P9A-) 

(H9^) 

(FW 

(pq/L) 

(Mg/L) 

tn.ti:.) 

(PPt) 

(pgfL) 

rc) 

31 

S 

Z17 

0.42 

1.66 

6Z08 

7.74 

67.48 

9.92 

89.82 

0.07 

34.636 

0.06 

lA.*  I  Xm 

26.8 

8.20 

80 

32 

M 

1.86 

0.26 

1.82 

45.51 

8.67 

139.78 

10.54 

141.82 

0.07 

34.626 

0.07 

26.6 

6.21 

33 

D 

3.72 

6.16 

1.54 

90.73 

6.81 

105.33 

10.54 

11Z98 

0.06 

34.945 

0.14 

26.7 

6.16 

21-17.69  N 

34 

S 

Z48 

0.56 

1.82 

49.44 

7.12 

124.37 

aei 

126.70 

0.05 

34.626 

0.04 

26.8 

a2i 

12 

1S7*57J20W 

SO 

35 

M 

Z48 

0.56 

Z80 

48.88 

8.66 

16Z05 

11.47 

165.34 

0.09 

34.835 

ao6 

2a8 

6.21 

36 

D 

Z79 

1.12 

1.68 

48.88 

7.43 

149.16 

10.23 

151.90 

006 

34.695 

0.17 

26.2 

6.20 

21*17,70  N 

37 

S 

Z48 

0.56 

1.82 

69.27 

8.36 

164.57 

10.65 

16a88 

0.06 

34.633 

0.07 

2a7 

8.20 

13 

157*  57.26  W 

30 

38 

M 

Z48 

0.42 

Z66 

52.25 

10.22 

133.62 

1Z71 

136.64 

0.06 

34.656 

0.08 

26.8 

a2i 

39 

D 

Z17 

1.12 

zee 

49.16 

8.98 

11Z47 

11.16 

118.20 

0.06 

34.625 

0.15 

26.5 

6.19 

21*18.50  N 

40 

8 

1.86 

1.96 

Z10 

55.34 

7.43 

148.46 

9.30 

1SZ48 

0.10 

34.627 

0.16 

2a8 

6.15 

14 

1S7*  57,62  W 

15 

41 

M 

3.10 

1.40 

0.56 

69.83 

6.27 

121,01 

a37 

12Ze2 

0.09 

34.615 

0.10 

26.7 

ai7 

42 

D 

Z4e 

1.12 

0.84 

55.60 

5.88 

164.15 

8.37 

16a04 

0,1? 

34.646 

OZI 

26.6 

ai7 

21*18.74  N 

43 

6 

Z48 

1,64 

0.66 

106.46 

asi 

173.63 

6.30 

176.66 

0.14 

34.538 

0.30 

2a8 

ai6 

16 

157*  67.63  W 

5 

44 

M 

Z48 

1.66 

a70 

105.34 

11.15 

165.55 

13.64 

167.86 

0.10 

34.594 

0.30 

26.6 

ai4 

MM 

46 

3.10 

1.62 

ZIP 

96.63 

6,61 

165.65 

6.92 

166.40 

0.22 

34.633 

0.20 

26.5 

a  15 

21*17.40  N 

46 

8 

Z48 

0.28 

0.28 

69.27 

7.43 

183.62 

6.62 

184.10 

"ao? 

34.687 

a  20 

16 

157*  56,12  W 

80 

47 

M 

Z17 

0.42 

0.14 

69.56 

7.43 

206.31 

0.61 

206.78 

0.05 

34.692 

0.07 

26.9 

8.21 

48 

D 

3.10 

1.12 

1.12 

69.05 

8.67 

149,44 

11.78 

151,62 

006 

34.866 

0.26 

24  7 

6  18 

21*17.61  N 

49 

8 

Z48 

0.14 

0.28 

57.02 

6.81 

127.03 

6.30 

127.40 

0.06 

34.695 

0.07 

27.0 

8.21 

17 

157*  68,10  W 

60 

60 

M 

Z4e 

0.28 

1.40 

6a43 

6.05 

0.05 

34.711 

0.06 

26.0 

8.21 

61 

D 

3.10 

1.64 

2.60 

76,00 

6.36 

0.06 

34.647 

0.24 

25.2 

8.19 

21*17.62  N 

52 

Z70 

0.28 

0.84 

60.67 

7.12 

lEnsza 

BDL 

28.9 

8.21 

16 

157*  66.09  W 

63 

Bl 

Z70 

0.14 

0.56 

83.43 

6.38 

116,67 

11.16 

117.32 

0.05 

34.716 

CM 

26.9 

8.21 

64 

D 

3.10 

0.26 

a84 

61.24 

6.05 

108,41 

11.16 

a 

0.05 

34.698 

O.CS 

26.7 

8.21 

21*17.88  N 

55 

S 

Z70 

0.56 

0.70 

65.73 

6.81 

110.63 

0.10 

26.8 

8.21 

16 

isr  56.05  W 

15 

66 

M 

Z79 

0.70 

1.12 

151.41 

0.06 

34.701 

0.09 

26.7 

8.21 

_ 

67 

0 

3.10 

0.70 

1.26 

66.74 

0.07 

34.702 

0.10 

26.8 

8.21 

21*18.01  N 

66 

8 

4.96 

9.80 

1.26 

63.99 

5.58 

0.11 

34.676 

0.07 

26.8 

8,16 

20 

157*  66.05  W 

6 

50 

M 

4.65 

9.04 

1.68 

71.07 

4.96 

110.37 

9.61 

12Z22 

0.10 

34.685 

0.07 

2a6 

ai4 

_ 

60 

4.6S 

1.64 

08.03 

4.65 

60.62 

0.30 

101.62 

0.10 

34.701 

0.08 

26.8 

8.15 

21*17,01  N 

61 

S 

4.34 

0.70 

"nr 

78.93 

“nr 

"fiaer 

11,78 

1ia02 

0.05 

26.7 

"aSo 

21 

157*  64.85  W 

80 

62 

M 

Z48 

0.42 

0.68 

104.49 

6.61 

114.67 

6.30 

115.62 

0.06 

34.721 

0.09 

26.8 

8.21 

63 

0 

6.27 

3.08 

8.40 

61.01 

6.19 

96.68 

11.47 

110,32 

0.07 

34.676 

0.26 

93.5 

8.17 

21*17.00  N 

64 

S 

3.10 

0.56 

1.26 

56.16 

aso 

ioai3 

6.61 

100.60 

■TTl 

nPTil 

22 

157*  54.71  W 

SO 

65 

M 

Z79 

0.56 

Z10 

12Z19 

6.91 

Tsaes 

1Z71 

156.52 

0.07 

34.704 

0.07 

26.8 

8.21 

66 

0 

4.34 

1.40 

147.19 

6.50 

CMZl 

10.85 

105.98 

0.06 

34.816 

0.05 

?SO 

ft  IQ 

21*17.16  N 

67* 

S 

Z79 

0.66 

1.26 

61.24 

6.19 

6.99 

100.94 

npnl 

23 

1S7*  S4.C9W 

30 

68 

M 

Z70 

-0.42 

0.68 

53.66 

6.19 

116.69 

8.99 

117.04 

0.06 

34.723 

0.06 

2a8 

8.21 

69 

0 

Z76 

0.70 

1.64 

75.28 

8.67 

166.95 

11.47 

169.12 

0.05 

34.712 

0-11 

26.7 

821 

24 

21*17.43  N 

70 

S 

Z46 

0.84 

0.68 

76.66 

6.61 

161.63 

9.30 

163.38 

0.06 

rvTttl 

157*  64.40  W 

IS 

71 

M 

3.72 

1.68 

1.68 

64.86 

7.12 

13Z64 

10.85 

0.09 

34.697 

0.13 

76.7 

8.20 

72 

0 

4.65 

1.12 

114.05 

6.50 

140.20 

11.16 

0  07 

34.691 

0.11 

26.6 

8  21 

21*17.70  N 

73 

S 

Z7B 

0.64 

1.40 

9Z14 

6.50 

136.00 

0.15 

34.708 

0.25 

26.9 

8  19 

25 

157*54.14  W 

6 

74 

M 

Z17 

0.56 

1.12 

68.29 

6.16 

107.15 

8.37 

108.78 

0.16 

34.695 

0.22 

26.9 

8.19 

76 

D 

2.79 

0.84 

3.22 

68.82 

6.19 

110.09 

8.09 

114.10 

0.16 

3^712 

0.24 

26.9 

8.10 

(eont.) 


TRANSECT5-STP  I  TRANSECT  4- REEF  RUNWAY  I  TRANSECT  3  -  PEARL  HARBOR 


TABLE  2  (con: 

Water  chemlstfy  measurements  (In  pg/L)  from  waters  In  ihe  vtcinlly  of  Fort  Kamehameha  sewage  outfriH  ejienslon  collected 
on  November  16, 1996,  Abbrevtatlons  as  follows:  bottom  depth;  S=sufface;  M=mld;  D*deep.  For  sampling  locatbns 
see  Figure  1. 


SITE  STA 


GPS 


Z  SAMPLE 

-jf^)  * 


POA 


N03 

mL 


NH4 

iVM 


Si 

-<P94L 


DOP 


DON 

(MSM- 


TP 

mL 


TN 

iP9^) 


TU 


SAL 

iPP^) 


CHLa 

(pg^) 


TEMP 

rc) 


21*16,77  N 

1  158*  01,57  W 


60 


1 

S 

2.48 

11.60 

1.82 

121.07 

2 

M 

2.48 

4.34 

1.82 

64.89 

3 

0 

2.48 

1.82 

4.60 

54.49 

6,05 

6.36 

6.05 


103.78 

95.24 

103.22 


10.54 
10.65 

10.54 


117.46 

101.36 

109.60 


0.18 

0.10 

0.08 


33.440 

34.398 

34.771 


0.64 

0.26 

0.16 


26.3  8.17 
26.3  8.17 
24.8  8.16 


21*16,97  N 
2  158*  01.65  W 


50 


4 

S 

2.48 

14.98 

1.12 

130.60 

6 

M 

2.48 

5.32 

224 

65,17 

6 

0 

2.48 

2.24 

5.86 

68.66 

7.74 

7.74 


108.66 

101,26 

62,66 


11.47 

10.23 

10.23 


124.74 

108.78 

100.64 


0.20 

0.11 

0.10 


33,148 

34.289 

34,621 


0.65 

0.34 

0.22 


26.3  8.18 

26.3  8.17 
26.0  8.17 


21*17.07  N 
3  158*  01,86  W 


30 


7 

8 

279 

15.40 

1.66 

131,74 

7.74 

101.66 

10.54 

116.28 

0.22 

33.242 

8 

M 

248 

6.18 

280 

69.10 

7.43 

6286 

6.62 

100.80 

0.15 

34,147 

6 

D 

276 

7.14 

3.64 

69.10 

6.05 

60.76 

10.85 

101.50 

0.30 

34.168 

0.68 

0,37 

0.32 


26.3  8.18 

26.5  8.18 

28.5  8.17 


21*17,43  N 
4  158*  01.88  W 


15 


10 

S 

3.10 

2226 

266 

174.72 

7,43 

116.39 

10.54 

141.26 

11 

M 

aio 

20.02 

3.78 

153.06 

7.43 

107.85 

10.54 

131.60 

12 

D 

3.10 

13.16 

3.78 

113.20 

8.67 

114.57 

11.78 

131.46 

0.33 

0.24 

0.16 


3Z831 

33.062 

33.553 


0.84 

0.82 

0.59 


26.2  8.18 

26.2  8.17 

26.3  8.17 


21*17.61  N 

5  158*  01.75  W 

5 

13 

14 

15 

8 

M 

0 

4.68 

4.66 

4.66 

41.44 

40.88 

26.74 

5.46 

6.02 

5.88 

224.16 

225.28 

147.47 

21*16.96  N 

16 

8 

"l.88 

5.60 

8M 

81.18 

6  157*  59.00  W 

80 

17 

M 

248 

1.26 

6.44 

57.30 

18 

0 

248 

2.24 

5.48 

55.62 

6.61 

7.12 

7.43 

6.36 

8.36 


108.83 

114.15 

111.3S_ 

68.18 

66.18 

66.22 


11.78 

1Z06 

12.40 

1^" 

10.85 

10.85 


155.68 
161.00 
143.92 
107.38  ' 

105.84 


0.46  32.623 
0.46  32.666 
0.59  33.562 
^^4  33.657 
0.10  34.738 


0.73 

0.71 

1.36 

*o!5“ 

0.20 

0.15 


25.9  8.12 
26.0  8.11 
26.3  8.12 
26.5  8.17 
26.5  8.17 
24.2  8.17 


21*17.10  N 
7  ISr  59.93  W 


50 


16 

20 

21 

S 

M 

D 

217 

217 

217 

8.12 

7.42 

1.66 

264 

3.62 

6.86 

94.66 

83.71 

65.17 

8.05 

9.91 

6.60 

68.18 

186.42 

154.91 

10.23 

1209 

11.78 

109.20 

167.68 

163.66 

0.14 

0.16 

0.09 

33,775 

33.669 

34.586 

22 

S 

217 

6.10 

3.64 

103.37 

9.29 

160.79 

11.47 

173.46 

0.15 

33.690 

23 

M 

248 

8.12 

4.62 

100.84 

0.20 

33.891 

24 

0 

1.86 

0.56 

4.20 

53.63 

111 

0.08 

34.549 

0.51 

0.47 

0.31 


26.5  8.16 
26.5  8.18 
26.2  8.18 


21*17.21  N 
8  157*  59.93  W 


30 


0.53 

0.49 

0.25 


26.4  6.16 

26.4  8.16 

26.5  8.19 


21*17.47  N 
6  157*  59.65  W 


15 


25 

S 

248 

16.38 

4.48 

159.27 

26 

M 

248 

1204 

5.04 

127.81 

27 

0 

276 

10.78 

6.02 

11264 

28 

8 

241 

41.02 

7.58 

311.24 

29 

M 

4.66 

31.92 

7.00 

200.00 

30 

D 

4.34 

24.08 

6.60 

143.64 

8.68 

0.60 

8.36 


215.55 

156.41 

167.23 


11.47 

12.09 

11.16 


236.32 

175,42 

163.96 


0.16 

0.16 

0.17 


33.245 

33.582 

33.864 


0.78 

0.65 

0.52 


26.4  8.19 

26.3  8.19 

28.4  8.18 


21*17.81  N 
10  ISr  59.95  W 


6.60 

6.50 

6.50 


203.65 

116.81 

104.48 


13.02 

11,47 

10.85 


252.14 

155.68 

134.12 


0.41 

026 

0.21 


32.027 

33.027 

33.579 


124 

0.78 

0.62 


26.3  8.17 
26.3  8.15 
26.5  8.15 


TAflLE2(a)nL) 


Z 

SAMPLE 

P04 

NOS 

NH4 

Si 

OOP 

DON 

TP 

TN 

TU 

SAL 

CHLa 

TEMP 

dH 

GPS 

* 

(ii9<U  (ng/L) 

JMSfl-) 

(HW 

(M9A.) (pgA.) 

(pgA.)  1 

IE1 

inn 

21*17.44  N 

31 

S 

279 

1260 

5,74 

113,20 

236 

101.12 

11.16 

119.42 

0.19 

33.645 

0.42 

225 

217 

11 

157*  57.05  W 

80 

32 

M 

248 

244 

5.32 

68.54 

205 

6250 

10.54 

10222 

0.11 

34579 

0.30 

265 

218 

33 

0 

.^248 

280 

7.14 

57.58 

8.36 

62.44 

10.85 

10234 

0.09 

34.793 

0.19 

24.1 

817 

21*17.69  N 

34 

S 

4.66 

33.46 

8.68 

210.39 

6.81 

108.13 

11.78 

15052 

0.24 

33.089 

223 

26.5 

217 

12 

15r6720W 

50 

35 

M 

4.03 

1264 

7.00 

100.56 

6.50 

101.54 

10.54 

125.44 

0.17 

33.707 

0.32 

26.1 

217 

36 

D 

217 

1.64 

5.32 

46.44 

8.05 

93.56 

10.23 

100.38 

0.12 

34.698 

0.24 

26.0 

817 

21*17.79  N 

37 

S 

7.13 

8022 

15.54 

504.50 

8.05 

163.17 

15.19 

25286 

0.82 

30.394 

1.13 

26.3 

215 

13 

ISr  57.26  W 

30 

38 

M 

282 

47,32 

10.08 

255.06 

5.56 

127.03 

12.40 

184.38 

0,34 

32.803 

059 

285 

214 

39 

D 

4.34 

30.80 

8.26 

208.15 

7.12 

125.63 

11.47 

164.64 

0.31 

32008 

0.68 

763 

815 

21*16.50  N 

40 

8 

268 

240.66 

1232 

188203 

13.32 

32284 

22.01 

57268 

240 

20.005 

0.61 

26.3 

215 

14 

ISr  67.62  W 

16 

41 

M 

261 

36.64 

6.44 

167.70 

4.34 

17206 

1265 

21296 

0.26 

33.184 

250 

26.3 

213 

42 

D 

272 

10.08 

4.48 

8258 

5.86 

175.64 

6.61 

190.12 

0.13 

34.376 

230 

767 

815 

21*18,74  N 

43 

8 

10.85 

158.60 

17.62 

639.61 

5.88 

200.71 

1274 

377.44 

1,38 

26.550 

1.70 

25.7 

8.08 

15 

16r  67.63  W 

5 

44 

M 

227 

2224 

6.44 

12528 

5.56 

137.54 

10.85 

167.16 

052 

33.919 

239 

224 

212 

45 

D 

241 

274 

7.70 

101.69 

7.12 

127.87 

10.54 

14156 

054 

34.599 

234 

265 

215 

21*17:40  N 

"aSr 

14.00 

224 

11220 

281 

'138.28 

'10.23 

152.46 

0.18 

33.705 

0.35 

224 

*217 

16 

ISr  56.12  W 

80 

47 

M 

279 

5.32 

1.66 

69.10 

7.43 

121.15 

10.23 

128.38 

0.09 

34.433 

056 

223 

217 

48 

D 

279 

3.78 

266 

61.80 

7.12 

11211 

9.02 

122.50 

0.08 

34.822 

0.15 

245 

216 

21*17.61  N 

49 

S 

4.66 

:  2228 

5.04 

206.18 

219 

138.38 

11.16 

171.64 

055 

33.166 

058 

224 

8.17 

17 

ler  66.10  W 

50 

60 

M 

210 

272 

292 

7267 

261 

139.78 

9.92 

150.36 

0.13 

34.461 

0.25 

26.5 

217 

_ 

61 

D 

248 

208 

6.04 

68.26 

7.43 

94.12 

9.92 

10250 

0.09 

34.661 

225 

223 

217 

21*17.62  N 

52 

8 

258 

36.12 

7.00 

238.77 

216 

104.34 

11.78 

147.42 

0.33 

32980 

058 

223 

217 

16 

ISr  68.09  W 

30 

63 

M 

241 

1216 

260 

11246 

281 

94.40 

10.23 

11232 

050 

33.787 

237 

225 

218 

64 

D 

279 

6.46 

5.18 

70.61 

7.43 

94.82 

1053 

105.42 

0.10 

34.589 

0.25 

265 

217 

21*17.88  N 

65 

8 

7.76 

59.64 

8.54 

304.60 

4,34 

113.03 

1209 

181.16 

0.43 

32.566 

0,24 

26.3 

211  i 

16 

167*  66.05  W 

15 

66 

M 

241 

14.68 

266 

125.00 

7.12 

67.06 

10.54 

114.68 

226 

33.720 

238 

223  8.171 

67 

D 

210 

262 

3.64 

76.97 

6.60 

119.47 

Mi 

132.58 

0.11 

34.406 

058 

263 

817 

21*1201  N 

58 

8 

7.44 

6260 

7.14 

276.50 

210 

141,04 

10.54 

206.92 

0.48 

32.660 

219 

223 

208 

20 

167*  66.05  W 

6 

69 

M 

7.44 

67.12 

216 

26626 

210 

136.56 

10.54 

169.78 

234 

32.735 

0.19 

222 

210 

60 

0 

261 

44.10 

4.00 

206.34 

3.41 

133.48 

9.92 

162.42 

0.36 

33.264 

053 

28.2 

8.13 

21 


22 


23 


24 


25 


21*17.01  N 
167*  54.85  W 

”21*17.09  N 
16r  54.71  W 

21*17.16  N 
157*  54.69  W 

”21*17,43  N 
ISr  54.40  W 

21*17.70  N 
16r  54,14  W 


61 

8 

2.17 

7.84 

1.96 

124.44 

8.05 

125.21 

1053 

134.96 

0,24 

34.044 

057 

26.5 

6.17 

80 

62 

M 

Z17 

238 

3.22 

76.21 

8.38 

171.85 

1254 

177.38 

054 

34.597 

055 

265 

8.17 

63 

0 

241 

450 

252 

66.20 

8.36 

215.13 

11.76 

221.76 

0,09 

34.836 

0.13 

25,0 

815 

64 

8 

2.48 

8.54 

266 

105.62 

7.74 

117.93 

1053 

129.08 

0.22 

34.019 

056 

226 

217 

60 

65 

M 

1.86 

1.12 

1.64 

60.39 

8.67 

163.73 

10.54 

166,32 

0,11 

34.529 

0.31 

226 

218 

66 

D 

Z17 

266 

3.92 

63.76 

8.36 

179.00 

10.54 

185.50 

0,10 

34.625 

1.87 

28.0 

817 

67 

•8 

241 

19.04 

3.08 

148.88 

7.12 

126.63 

10.54 

147.70 

0.25 

33.587 

0.32 

26.6 

218 

30 

68 

M 

1.86 

.  3.08 

210 

73.31 

7.74 

118.21 

9.61 

123,34 

0,12 

34.463 

0.27 

28.8 

218 

69 

0 

248 

294 

3.22 

69.83 

7.43 

11205 

9.92 

118.16 

0,10 

0.26 

26.4 

217 

70 

S 

282 

5264 

7.70 

280.06 

657 

144.12 

1209 

204.40 

0.32 

0.20 

226 

214 

IS 

71 

M 

210 

1260 

236 

110.67 

7.12 

1053 

0.14 

32873 

0.31 

224 

218 

72 

0 

9.10 

268 

70.49 

6.60 

0,13 

34.368 

0.29 

28.3 

8.17 

73  S  8,06  71.12  11.06  423^04  6.27  142.30  13.33  224.42  0,61  31.884 - 030  “26!7  812 

5  74  M  7.13  50.12  8.26  283.15  5.68  153.37  12.71  211.68  0.39  32.880  0.17  26.5  8.13 

75  D _ 4;W _ 21.56 _ 3^64 _ 111^2  6.68  115.55  1023  140.70  0.24  34.135  026  S  B  is 


TRANSECT  5 -STP  I  TRANSECT  4  -  REEF  RUNWAY  1  TRANSECT  3  -  PEARL  HARBOR 


Water  chemistry  measurements  On  yg/L)  from  waters  In  the  vfcinity  of  Fort  Kamehameha  sewage  outfell  extension  collected 
onJanuary  21. 1997.  Abbreviations  as  follows:  2*  bottom  depth:  S=suftace;  M=mid;  D^eep;  BDL=be!ow  detection  limit: 
ND=no  data.  For  sampling  locations,  see  Figure  1. 


SITE  STA 


GPS 


21*16.77  N 

168*  01.57  W 


2  SAMPLE 

(m)  * 


60 


1  S 

2  M 

3  D 


P04 


N03 


2.48 

248 

5.89 


0.70 

0.28 

24.08 


NH4  SI  OOP 

(yg^)  (pgrt.)  (ugA.) 


224  179.21  9.91 

0,56  45.22  10.53 

0,70  78.93  8.98 


DON 

(pg/L) 


155,61 

14216 

105.33 


TP 

My 


1240 

13.02 

14.88 


TN 

iHSM. 


158.48 

14294 

130.06 


TU 


0.09 

0.08 

0.05 


C^a  TCMP  pH  ^ 


34.460  0.17  23.9  8.19 
34.890  0.11  23.8  8.20 
34.975  0.06 


19.8  8.12 
24.0  8.20 

23.8  8.20 
220  8.20 
23.8  6.16 

23.7  8.20 

23.8  8.20 


21*16.97  N 
2  158*  01.65  W 


50 


4 

S 

217 

0.84 

3.92 

60.39 

11.77 

5 

M 

186 

0.08 

3.08 

48.31 

11.77 

6 

0 

217 

1.54 

1.12 

43.28 

11.16 

167.51 

146.36 

136.84 


13.95 

13.64 

13.33 


17220 

150.36 

139.44 


0.11 

0.13 

0.07 


34.644 

34.858 

34.867 


0.11 

ai2 

ail 


21*17.07  N 
3  158*  01,69  W 


7  S 

8  M 

9  0 


217 

279 

1.86 


0,42 

0.84 

0.70 


5.88 

11.90 

4.48 


71,01 

71.07 

50.56 


1270 

13,32 

1201 


143,42 

121.99 

129.14 


14.88 

18.12 

14.88 


149.66 

134.68 

134.26 


0.11 

0.11 

0.08 


34.595 

34.731 

34.872 


0.15 

ai5 

0.11 


21*17.43  N 
4  158*  01.68  W 


16 


10 

a 

217 

1.66 

0.84 

11 

M 

217 

1.40 

6.16 

12 

D 

3.72 

1.96 

11.62 

115.73  13.32  145.24  15.50  147.70 
85.67  1270  156.17  14.88  163.66 


0.34  34.231 

0.24  34.485 


0.16 

ai7 


23.3  8.18 
23.7  8.19 


2T17.91  N 

5  158*  01.75  W 

21*16.96  N 

6  15r  59.90  W 

.A  «  MI  ”  34.632  0.ia  23.9  6.20 

80  17  M  1.6S  BDL  1.54  41.01  12.39  117.76  13.95  119.28  0.07  34.992  0.11  23.9  8.21 

- 18_0 - ara — 1274  274  57.87  10.53  131.66  14.28  146.58  0.08  34  9SR  an  o  « 

21*17.10  N 

7  157*  69.93  W 

?!  183.20  14.57  163.48  0.28  34.572  0.15  23.6  8.19 

50  20  M  1.24  0.14  ZBO  43.54  1Z70  156.03  13.65  158,76  0.07  34.880  0.12  23  9  8  21 

21  D  1.86  2.10  Z10  48.31  1Z39  152.39  14.26  156.52  0.08  34.865  Ola  -Wo  pon 

21*17.21  N 

8  15r  69.93  W 

21*17.47  N 

9  167*  69.96  W 

21*17.81  N 

10  16r  66.95  W 

p  T.  til  82,87  1Z70  190.06  15.50  203.56  0.49  '34.409  026  23.8  816 

®  S  ^2.08  184.46  15.60  102.62  0.38  34.428  029  23.8  8 16 

30  0  Z48  .  Z38  3.22  63.93  1Z70  147.48  15.19  153.02  0.23  34.710  0.49  23  8  8  20 

TABL£3(eont.) 


2 

SAMPLE 

P04 

N03 

NH4 

Si 

DOP 

DON 

TP 

TN 

TU 

SAL 

CHLa 

TEMP 

pH 

STA 

GPS 

(tn) 

4 

_ 

(pg/L) 

(pg'L) 

W 

(M9lL) 

(hs'L) 

Jks/I-) 

(pg/L) 

(pgfL) 

(n.tu.) 

B35I 

nSi!ll 

(*  C) 

(rel) 

21*17.44  N 

31 

S 

3.41 

5.18 

a36 

11180 

1Z39 

163.87 

15.81 

17Z34 

0.21 

34.471 

0.21 

a.!:' 

24.1 

8.18 

11 

15r  57.05  W 

80 

32 

M 

1.24 

0.56 

Z38 

41.29 

1Z39 

116.81 

13.64 

119.70 

0.06 

34.874 

0.13 

24,1 

8.21 

33 

D 

4.65 

18.90 

2.10 

69.10 

1115 

143.00 

15.81 

163,64 

0.05 

34.659 

0.10 

20.8 

814 

21*17.69  N 

34 

8 

Z17 

1.68 

Z66 

69.94 

13.01 

133.48 

15.19 

137.76 

0.11 

34.777 

0.15 

24.0 

6.19 

12 

15r  57.20  W 

50 

35 

M 

1,55 

0.70 

1.96 

4Z70 

1Z39 

114.99 

13.95 

117.60 

0.05 

34.871 

0.10 

24.0 

8.21 

36 

D 

1.55 

0.98 

ZS2 

45.51 

11.46 

151.54 

13.02 

154.68 

0.09 

34.686 

0.17 

24.0 

fi?1 

21*17,79  N 

m 

Z24 

3.08 

63.76 

1Z70 

155.61 

14.88 

160.66 

0.20 

34.676 

ai6 

24.1 

8.19 

13 

isr  57.26  W 

Ij 

El 

0.42 

154 

4356 

1177 

157.01 

13.02 

158.90 

0.10 

34.860 

aio 

23.6 

8.21 

39 

El 

mSM 

0.70 

Z24 

41.85 

1146 

140.62 

13.02 

143.50 

0.09 

34.860 

ai6 

23.6 

8?1 

21*18.50  N 

40 

s 

5.58 

6.58 

8.66 

168.15 

13.63 

175.08 

16.22 

190.26 

0.70 

33.068 

027 

23.6 

8.11 

14 

16r  57.62  W 

15 

41 

M 

4.34 

3.64 

ZS2 

107.02 

6.60 

219.69 

13.65 

225.96 

0.42 

34.351 

a32 

23.7 

8.18 

42 

D 

Z46 

0.84 

0.06 

61.52 

10.84 

214.85 

13.33 

216.58 

0.14 

34.833 

026 

23.9 

8  70 

21*18.74  N 

43 

S 

6.51 

8.12 

5.88 

18a52 

1177 

253.09 

18.29 

266.68 

0.70 

33.064 

028 

23.6 

8.12 

15 

157*  57.63  W 

5 

44 

M 

6.27 

8,12 

3.50 

16154 

10.22 

228.16 

15.50 

239.68 

0.36 

34.217 

0.47 

23,5 

8.15 

_ 

45 

D  _ 

4.03 

2.80 

4.34 

94.10 

10.84 

241.48 

14.88 

248.50 

0.38 

34.745 

0.48 

23.6 

8.19 

21*17.40  N 

46 

S 

Z48 

140 

0.70 

57.87 

6.20 

205.33 

1178 

207.34 

0.16 

34,724 

0.16 

24.1 

8.19 

16 

15r  56.12  W 

60 

47 

M 

1.86 

0.42 

0.42 

43.82 

10.53 

229.84 

1Z40 

230.58 

0.04 

34.865 

0.12 

24.1 

8.21 

48 

0 

Z76 

4.90 

0.70 

6451 

6.91 

164.57 

12.71 

170.10 

0.06 

34.894 

0.16 

23.5 

8  19 

21*17.51  N 

49 

S 

Z48 

Z24 

140 

96.35 

10.63 

166.08 

13.02 

199.64 

0.26 

34,774 

0.14 

24,1 

8.19 

17 

167*  68.10  W 

50 

60 

M 

166 

BDL 

0.66 

4a73 

10.53 

218.63 

12.40 

219.10 

0.06 

34.886 

012 

24.1 

8,21 

61 

D 

186 

0.42 

0.84 

40.72 

10.22 

209.95 

1Z09 

21112 

0.07 

34.875 

0.16 

24.1 

8  71 

21*17.62  N 

52 

8 

Z70 

196 

1.26 

67.02 

9.01 

235.30 

1Z71 

238.42 

0.18 

34.763 

021 

23.6 

8.191 

18 

167*  66.09  W 

30 

53 

M 

186 

0.84 

0.84 

49,72 

9.29 

220.73 

me 

222.32 

0.16 

34.834 

016 

23.9 

8.2o! 

54 

D 

155 

0.42 

112 

46.63 

1115 

220.31 

12.71 

22176 

0,07 

34.884 

016 

23.6 

8.21 

21*17.88  N 

55 

8 

Z79 

3.36 

Z10 

4a60 

10.22 

250.01 

13.02 

255.36 

0.19 

34.751 

0.12 

24.3 

8.19 

19 

15r  68.05  W 

15 

66 

M 

1.88 

0.42 

112 

43.62 

10.22 

195.94 

1Z09 

197,40 

0.10 

34.654 

0.16 

23.6 

8.21 

67 

0 

1.86 

0.98 

1.12 

60.11 

1052 

190.76 

1Z09 

192.78 

0.08 

34.889 

0.22 

23.9 

8.21 

21*1001  N 

58 

8 

3.41 

5.88 

Z66 

55.90 

6.20 

173.53 

12.71 

182.00 

0.27 

34.755 

018 

24.0 

8.18 

20 

157*  56.05  W 

5 

59 

M 

Z76 

4.20 

1.62 

48.03 

10.22 

225.08 

13.02 

23100 

0.23 

34.706 

025 

23.9 

8.19 

MM 

60 

Ui 

Z70 

4.20 

1.96 

44.94 

10.53 

172.41 

ja33^ 

178.50 

0.25 

34.787 

0.28 

8.19 

21*17.01  N 

M 

in 

El 

Kj  i2i 

1.28 

168 

68,15 

6.61 

164.71 

1ZO0 

167.58 

0.24 

34.741 

016 

NO 

"ISo 

21 

157*  54.85  W 

m 

m 

Hipl 

0.98 

zee 

44.38 

10.22 

155.66 

12.00 

159.48 

0.13 

34.855 

0.17 

ND 

8.21 

63 

El 

HEUI 

1.26 

Z80 

4Z70 

10.63 

173.30 

1Z40 

177.38 

0.07 

34.868 

016 

ND 

8.21 

21*17.09  N 

64 

8 

Z48 

Z10 

3.60 

90.45 

10.53 

160.61 

13,02 

166.04 

0.27 

34.631 

020 

NO 

8.20 

22 

157*  64.71  W 

60 

65  M 

Z17 

0.98 

Z38 

44.68 

9.91 

170.87 

1Z09 

174.18 

0,11 

34.829 

018 

NO 

8.21 

68 

0 

155 

0.68 

Z66 

4Z14 

10.53 

184.04 

1Z09 

187.80 

0.11 

34.851 

017 

ND 

6.20 

21*17,16  N 

67 

6 

1.86 

Z52 

3.08 

135.96 

10.84 

220.73 

1Z71 

226,24 

0.31 

34.467 

0.17 

ND 

8.19 

23 

157*  54,60  W 

30 

68 

M 

Z17 

1.68 

1.82 

6Z81 

10.84 

25155 

13.02 

254.64 

0.22 

34.667 

0.20 

NO 

8.20 

69 

0 

186 

0.84 

3.22 

39.69 

10.63 

186,92 

1Z40 

163.60 

0,10 

34.848 

015 

ND 

8.21 

21*17.43  N 

70 

8 

Z17 

Z94 

3.02 

66.18 

10.84 

191.18 

13.02 

197,66 

0.31 

34.641 

0.25 

ND 

6.20 

24 

1Sr  64.40  W 

16 

71 

M 

186 

166 

3.22 

4552 

10.53 

168.27 

1Z40 

163.38 

0.16 

34.726 

020 

ND 

8.21 

72 

0 

Z17 

Z24 

Z10 

45.51 

10.63 

160.47 

12.71 

173.74 

0.21 

34.716 

0.22 

ND 

8.20 

21*17,70  N 

73 

8 

3.10 

6.18 

3.64 

101.97 

1148 

216.05 

14.67 

226.76 

0.41 

34ZS7 

0.20 

ND 

6.17 

25 

isr  54.14  W 

5 

74 

M 

3.41 

4.62 

Z94 

69.10 

1Z08 

198.32 

15.50 

205.60 

0.40 

34.486 

0.46 

ND 

6.16 

75 

D 

4.96 

4.62 

3.08 

66.62 

9.29 

171.15 

14.26 

178.78 

0.78 

34.466 

0.50 

ND 

8.18 

TABLE  4.  Specific  Criteria  for  Class  A  Dry  Open  Coastal  Waters  based  on 
Hawaii  Administrative  Rules,  Title  11,  Department  of  Health,  Chapter  64. 


TABLE  5. 


Geometric  means  of  water  chemistry  measurements  (In  M9^)  collected  from  five  transect  sftes  in  the  vicinity  of  Fort 
Kamehameha  sewage  outfall  e)denslon  during  surveys  conducted  on  3  dates;  July  13  and  November  16, 19S6  and  January 
21, 1997  (N=2  for  temperature  at  Transact  5),  For  calculation  of  geometric  means,  detection  limits  were  used  for  sample 
data  below  the  detectable  limit.  Abbreviations  as  follows:  2=  bottom  depth;  S*surface;  M=mld;  D*deep.  For  sampling 
locations,  see  Figure  1, 
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SAMPLE 

P04 
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Si 

OOP 

DON 

TP 

TN 

TU 

SAL 

m 

X 

0 

TEMP 

pH 

SITE 

STA 

GPS 

M 

_ * _ (Mg'!-)  (U9«.) 

(Mg/L) 

(pg/L) 

(pg/L) 

(Mgfl.)  (M9«.) 

(PPt) 

m).ssL 

M 

21*16.77  N 

1 

S 

2.58 

Z18 

1.84 

120:35 

11,01 

"121.30” 

13.67 

128.23 

0.09 

34,1733 

0.19 

26.6 

8.18 

1 

158*  01.57  W 

80 

2 

M 

2.48 

0.95 

0.89 

53.62 

11.52 

113.10 

14.10 

116.17 

0.09 

34.6381 

0.13 

25,5 

8.19 

3 

0 

3.01 

Z81 

1,13 

61,97 

8.24 

101.66 

11.47 

111,73 

0.06 

34.B34Q 

0.13 

23.0 

8.16 

< 

21*16.97  N 

4 

S 

2.37 

1.21 

1.70 

73.25 

10.66 

119.96 

13.07 

127.30 

0.11 

34.1246 

0.16 

25.6 

8.20 

§ 

2 

158*  01.85  W 

50 

5 

M 

Z16 

o.so 

1.69 

55,38 

9.77 

115.07 

12.01 

119.27 

0.10 

34.5802 

0.14 

25.5 

8.19 

UJ 

6 

0 

2.37 

0.78 

1,77 

56.00 

8.63 

123.68 

11.06 

128.19 

0.07 

34.6961 

0.12 

24.6 

8.19 

21*17.07  N 

7 

S 

Z47 

1.22 

Z69 

79.63 

9,13 

12Z76 

11.71 

131.84 

0.12 

34.1327 

0.20 

25,6 

6.19 

o 

3 

158*  01.69  W 

30 

a 

M 

Z34 

0.85 

3.20 

6Z27 

9.50 

101.60 

11.90 

108.17 

0.09 

34.4901 

0.15 

25.6 

8.19 

UJ 

CO 

9 

0 

Z13 

0.69 

3,10 

69.72 

9.20 

127.01 

11.45 

134.03 

0.11 

34.5542 

0-14 

25.6 

8.19 

21*17.43  N 

10 

s 

Z56 

Z76 

1.71 

101.48 

9.94 

123.83 

12.65 

133.91 

0.19 

33.8780 

0Z1 

25.4 

8.19 

4 

158*  01.68W 

15 

11 

M 

Z92 

Z87 

3.08 

8Z36 

1Z57 

138.41 

15,73 

150.87 

0.15 

34.0378 

0.22 

25.5 

8.19 

1- 

12 

0 

3.18 

Z21 

Z91 

71,92 

8.83 

121.60 

12,03 

132.42 

0.13 

34.3188 

0.20 

25.6 

8.19 

21*17.91  N 

13 

S 

3,37 

Z68 

Z39 

111.48 

9.80 

131.75 

13.55 

150.26 

0.34 

33.7765 

0.37 

25.3 

8.15 

5 

158*  01.76  W 

G 

14 

M 

3.32 

3.38 

Z58 

105.60 

9.51 

130.11 

13.16 

148.24 

a3i 

33.8664 

0.32 

25.3 

8.16 

15 

0 

3.22 

Z93 

Z43 

91.46 

8.83 

130.56 

12.32 

144.23 

0.28 

34.2022 

0.42 

25.4 

8.16 

21*16.96  N 

■"iT 

S 

1.96 

0.92 

Z82 

7Z38 

9.52 

117.20 

11.61 

123.25 

0.14 

34.3767 

0.20 

25.6 

6.19 

liJ 

CD 

6 

157*  59.90  W 

80 

17 

M 

1.03 

0.29 

1.12 

45.05 

9.17 

107.13 

11.21 

110.34 

0.07 

34.7481 

0.11 

25.7 

8.20 

18 

0 

2.58 

1.59 

1.90 

57.11 

8.56 

106.09 

11.16 

113.06 

0.08 

34.6569 

0.15 

24.3 

8.17 

21*17.10  N 

18 

s 

Z06 

Z31 

3.42 

80.93 

9,53 

151.27 

11,62 

160.28 

0.16 

34Z927 

0.20 

25.7 

8.19 

a 

7 

157*  59.93  W 

50 

20 

M 

1.71 

0.53 

zoe 

6Z2e 

9.91 

141.54 

11.75 

145.63 

0.10 

34.4804 

0.19 

25.7 

8.20 

21 

D 

Z06 

1.20 

Z63 

55.76 

9.46 

132.02 

11.60 

136.42 

0.07 

34.6950 

0.16 

25.6 

8.19 

21*17,21  N 

22 

S 

Z27 

1.86 

3.47 

81.01 

9.93 

163.10 

12.24 

171.58 

0.14 

34.2946 

0.21 

25.6 

8.19 

0^ 

8 

157*  59.93 

30 

23 

M 

Z16 

1.34 

Z80 

69.39 

8.92 

129.01 

11.18 

135.00 

0.11 

34.4578 

0.19 

25.8 

8.20 

CM 

24 

D 

Z05 

0.69 

3.02 

61.62 

9.83 

130.25 

11.93 

134.18 

0.08 

34.6850 

0.16 

25.6 

8.20 

o 

21*17.47  N 

25 

S 

Z37 

Z51 

6.10 

93.68 

6.80 

198.52 

12.21 

214,40 

0,12 

34.1819 

0Z6 

25.7 

8.19 

UJ 

to 

8 

157*  59.95  W 

15 

28 

M 

Z16 

Z42 

3.05 

70.33 

6.32 

141.34 

11.57 

148.86 

0.11 

34.3376 

0.23 

25.6 

8.19 

5 

27 

0 

Z11 

Z07 

3.61 

64.55 

8.90 

137.10 

11.19 

144.49 

0.13 

34.4403 

0.21 

25.6 

8,19 

5 

21*17.81  N 

26 

8 

Z74 

6.22 

6.83 

116.45 

9.26 

165.29 

12.05 

183,72 

0.30 

33.6000 

0.38 

25.6 

8.16 

10 

157*  59.95  W 

5 

29 

M 

3.32 

5.40 

4.25 

99.24 

8,12 

133.46 

11.69 

150.70 

0.26 

33.0604 

0.33 

25.5 

8.15 

■ 

ZSSSSSSSSSSSBSSaZ 

aaas; 

30 

D 

Z99 
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8.17 
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TRANSECT  5 -STP  |  TRANSECT  4  -  REEF  RUNWAY  I  TRANSECT 


i: 


Udd)  AIINRVS 


Udd)AJLINnVS 


Odd)  AilNHVS 


21* 

‘17.44  N 

11 

157* 

•  57.05  W 

21* 

‘17.69  N 

12 

157* 

‘  57.20  W 

21* 

‘17.79  N 

13 

157* 

‘  57.26  W 

21* 

*18.50  N 

14 

157* 

*  57.62  W 

21* 

*18-74  N 

15 

157* 

*  57.63  W 

Z  SAMPLE  P04  N03 

(m)  #  (ug/L)  (ugA.) 


TABLE  5  (cool) 


SAL  CHLa  TEMP  pH 


16 

21*17.40  N 
157*  56.12  W 

17 

21*17.51  N 
157*  56.10  W 

18 

21*17.62  N 
157*  56.09  W 

- 

21*17.88  N 

19 

157*  56.05  W 

20 

21*18.01  N 
157*  56.05  W 

3.36 

92.27 

9.29 

117.33 

1Z05 

127.12 

0.14 

34.2479 

0.17 

258 

8.19 

2.85 

50.50 

9.53 

116,36 

11.49 

122.47 

0.08 

34.5931 

0.14 

25-7 

8.20 

Z85 

71.21 

8.60 

111.66 

1Z18 

123.76 

0.06 

34.8989 

0,14 

23.7 

8.15 

34 

S 

Z99 

3.16 

35 

M 

Z49 

188 

36 

D 

Z11 

119 

8.68  12153  11.98  137.89 
8.98  123.69  1160  134.61 
8,82  128.36  1109  133.20 


34.1554  0.11  25.7  8.19 

34.4006  0.13  25.6  8.19 

34.7696  0.19  25,4  8.19 


4.43 

124.00 

9.49 

161.07 

13.49 

190.83 

0.21 

33,1728 

0.23 

25.7 

8.18 

3.46 

83.23 

8.75 

138.64 

1Z71 

158.78 

0.13 

34.0946 

0.13 

25.6 

8.19 

3.06 

75.38 

9.02 

126,72 

1186 

140.02 

0.12 

34.1608 

0.25 

25.5 

8.19 

43 

8 

5.60 

1Z67 

3.89 

265.23 

44 

M 

4.10 

6.82 

Z61 

128.62 

45 

0 

3.49 

3.08 

4.12 

97.42 

7.79  206.57  14.17 
8.60  173.19  13.19 
8.07  172.26  1159 


0.61 

311016 

0.52 

0.25 

34.2422 

0.38 

0.27 

34.6589 

0.37 

— 


3.12  2.07 

Z43  0.64 


1.26  104.24 
1.45  56.79 


7,63  15106  1106  163.44 
8.33  161.93  10.90  166.68 
8.60  152.84  1112  158.61 


0.16  34.2036 
0.08  34.6862 
0.07  34.7942 


25.8  8.19 
25.8  8.20 
25.2  B.19 


52 

S  3.52 

Z71 

195 

83.83 

7.59 

149,72 

11.41 

169.16 

0.14 

34.1416 

0.06 

25.7 

8.19 

30 

S3 

M  2.61 

116 

110 

77.78 

8.0? 

134.46 

10.84 

142.23 

0.12 

34.4435 

0.17 

25.7 

6.20 

54 

D  Z38 

0.66 

170 

58.61 

8.74 

13132 

11.32 

136.79 

0.07 

34.7235 

0,15 

25.6 

8.20 

55 

8  3.92 

4.82 

Z32 

90.08 

6.71 

146.35 

1148 

173.11 

0.18 

33.0788 

0,14 

25.8 

8.17 

15 

56 

M  2.61 

1.64 

1.40 

03.95 

8.15 

139.86 

10.02 

146.81 

0.12 

34.4213 

0.18 

25.6 

8.20 

57 

D  Z61 

187 

173 

64.03 

8,01 

149.42 

10.80 

155.00 

0.09 

34.6585 

0.18 

25.6 

8.19 

58 

8  5.01 

15.02 

Z88 

109.46 

5.43 

149.62 

11.22 

177.48 

0.24 

34.0163 

0,14 

25.7 

8.14 

5 

59 

M  4.59 

13.36 

Z60 

97.11 

5.39 

150.20 

10.97 

178.01 

0.20 

34.0587 

0.15 

25.6 

8.15 

— 

60 

D  4.39 

1Z20 

Z46 

96.72 

5.50 

127.76 

10.71 

149,16 

0.21 

34.2435 

0.17 

25.6 

8.16 

2ri7.01  N 
157*  54.85  W I  80  62  M 

63  D 


21M7,09  N 
157*  54.71  W 


21*17,16  N  67  -S 

157*  54,69  W  30  68  M 

_ 69  D 


21*17.43  N 
157*  54.40  W 


21*17.70  N 
157*  54.14  W 


2.73  191 

2.16  0.99 


Z61  3.00 

2.24  130 

2.34  1.20 


168 

82.97 

8.40 

133.73 

1134 

138.72 

0.15 

34.5054 

0.13 

26.6 

6.19 

Z03 

7162 
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IGURE  49.  Vertical  profiles  of  temperature  measured  at  3  stations  (5m,  15m.  and  30m  depth  FIGURE  50.  Vertical  profiles  of  temperature  measured  at  2  stations  (50m  and  80m  depth 
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FIGURE  I,  Map  of  portion  of  south  coast  of  Oahu  showing 
location  of  Ft  Kamehamcha  Sewage  Treatment  Rant 
and  locations  of  5  sampling  transects.  Riled  circles  on 
transects  arc  approximate  locations  of  sampling  stations. 
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Appendix  Xlll-a 

Effluent  Sample  Results 
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Appendix  Xlll-b 

Fish  Sample  Results 


into  pieces  and  the  gut  as  well  as  head  material  removed.  Only  muscle  tissue  with  skin  attached 
was  used  in  making  the  composite  samples.  Each  composite  was  made  up  from  the  three 
individuals  of  each  species  captured  from  each  of  the  two  areas.  Tissue  samples  were  removed. 
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Unfortunately,  only  one  manini  could  be  captured  at  the  experimental  site  but  since  it  was 
relatively  large,  it  provided  ample  material  for  analysis.  In  all  cases,  the  Eshes  were  carefully  cut 
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